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PREFACE. 


In  '*  The  Sailor's  HanDx  Book**  I  have  endeavored  to  bring  to- 
gether each  practical  mles,  useful  tables,  and  general  information 
as  are  constantly  required  by  seafaring  men. 

The  work  is  primarily  intended  for  American  seamen,  and  I  have 
kept  the  wants  of  the  United  States  Navy  and  of  oar  Merchant 
Marine  and  Yachtsmen  steadily  in  view. 

I  am  indebted  to  Mb.  George  W.  Baird,  United  States  Navy,  for 
the  Section  on  the  Marine  Steam-Engine.  Its  valuable  practical 
information  will  be  acceptable  to  the  modern  officer,  who  must  be  at 
once  sailor  and  engineer. 

By  the  kindness  of  Capt.  Bedford,  Royal  Navy,  I  have  been  en- 
able^to  utilize  the  contents  of  that  valuable  work  ^  ^  The  Sailor's 
Pocket-Book,''  and,  in  availing  myself  of  this  courtesy,  I  have 
endeavored,  as  far  as  practicable,  to  preserve  his  admirable  arrange- 
ment of  such  of  the  matter  as  is  common  to  the  two  works. 

The  Abstracts  of  the  Pilot  Laws  and  the  Rates  of  Pilotage  are 
now  for  the  first  time  brought  together  from  authentic  sources. 

Among  the  authorities  consulted  may  be  mentioned  the  following : 
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The  publications  of  the  Navy  Department,  Hydrographic  Office, 
Coast  Survey,  Signal  Service,  Light-House  Establishment,  and  Life- 
Saving  Service ;  the  works  of  Smith,  Evans,  and  Johnson  on  Com- 
passes ;  Maury,  Eaper,  and  Riddell  on  Navigation  ;  Luce,  Nares, 
Harris,  Bosser,  and  Yanderdecken  on  Seamanship ;  and  the  writings 
of  Clement  Mackrow  and  W.  H.  White  on  Naval  Architecture  ;  the 
Revised  Statutes  of  the  Maritime  States,  Admiralty  Manual  of 
Scientific  Inquiry,  Naval  Science,  and  the  Transactions  of  the  Insti- 
tutidli  of  Naval  Architects. 

During  the  progress  of  the  work  I  have  been  much  encouraged  by 
the  practical  advice  of  Profbssor  Edward  S.  Holden,  and  am 
under  obligations  to  many  of  my  brother  officers  and  other  friends 
for  suggestions  and  Griticisms  while  the  woi&  has  been  passing 
through  the  press.  E.  F.  Q. 

Washinoton,  June  90,  1881. 
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PILOTING-. 

One  of  the  most  important  duties  in  a  sailor^s  profession  is  the 
piloting  of  the  vessels  committed  to  his  charge. 

To  insore  saccess  in  piloting,  a  thorough  knowledge  is  required 
of  the  coast  or  locality  on  which  the  ship  may  be  sailing,  and  as  it 
frequently  happens,  in  the  absence  of  a  local  pilot,  that  the  sailor 
has  to  depend  upon  himself,  the  methods  and  instruments  by  means 
of  which  such  knowledge  may  be  acquired  should  be  made  the  seri- 
ous study  of  the  navigator.  As  such  methods  and  instruments  are 
easy  of  access,  it  only  remains  for  the  sailor,  by  constant  practice,  to 
acquire  facility  in  understanding  the  former  and  handling  the  latter, 
remembering  that  the  constant  exercise  of  such  duties,  in  the  oppor- 
tunities afforded  by  fair  weather,  will  enable  him  to  conduct  his  ves- 
sel with  greater  safety  in  foul  weather. 

Habiner^s  Compass. — Special  care  should  be  g^iven  to  the  mari- 
ner's compass,  which  instrument,  in  these  days  of  iron  ship-building, 
should  be  well  understood,  its  peculiar  deviation  carefuUy  ascer 
tained,  and  the  changes  in  that  deviation  constantly  watched. 

The  Anchor  and  Gable,  also  important  implements  in  piloting, 
should  be  always  ready  for  use,  and  not  be  lost  sight  of  as  valuable 
auxiliaries  until  the  vessel  has  fairly  left  the  land. 

The  Lead. — Above  aU,  the  sailor^s  attention  is  earnestly  called  to 
that  simple  but  important  instrument,  the  Lead;  the  neglect  of 
which  may  be  said  to  have  been  the  great  cause  of  modern  disasters 
to  shipping.  The  lead,  deep-sea  as  well  as  hand,  should  never  be 
lost  sight  of,  and  the  crew  (and  even  passengers)  made  familiar  with 
the  method  of  ''passing  the  line  along,"  so  as  to  obtain  a  deep-sea 
cast  with  as  little  delay  as  possible.  The  lead  should  always  be 
armed,  and  the  soundings  and  nature  of  the  bottom  obtained  by 
each  cast  of  the  lead  should  be  compared  with  that  shown  in  the 
supposed  position  of  the  vessel  on  the  chart.  It  should  be  borne  in 
mind,  when  approaching  the  land,  that  even  under  the  most  favora- 
ble circumstances,  the  use  of  the  lead  is  desirable  ;  but  when,  from 
the  state  of  the  weather  and  absence  of  celestial  observations,  the 
flhip^B  position  is  dependent  on  dead  reckoning,  ths  lead  becomes  oj 
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primary  impwta.nce^  and  its  constant  use  indispensable  to  safe  navi- 
gation. 

In  obtainiDg  a  deep-sea  soanding  a  little  delay  may  be  incurred 
in  ^^  passing  along  the  line,"  but  the  length  of  modem  steam  ves- 
sels gives  great  facility  to  the  performance  of  this  simple  act  of  sea- 
manship ;  the  engines  may  be  eased  and  bottom  obtained,  thus 
securing,  at  a  very  small  expenditure  of  time,  the  safety  of  life  and 
property. 

The  Barometer  and  Thermometer,  observed  conjointly,  will 
enable  the  intelligent  seaman  to  acquire  a  knowledge  of  wind  and 
weather. 

The  Chart  should  not  only  be  always  at  hand,  but  also  be  thor- 
oughly understood ;  and  as  considerable  information  is  to  be  ob- 
tained from  every  mark  delineated  thereon,  the  necessary  abbrevia- 
tions should  be  so  well  comprehended  that  they  may  be  read  at  sight. 
In  fair  weather  the  coast  in  sight  should  be  watched  with  the  chart, 
so  that  the  sailor  may  become  accustomed  to  recognize  the  land  as 
drawn  upon  the  chart,  the  various  points  being  observed  as  the  ves- 
sel moves  along,  and  the  changes  in  their  appearance  as  seen  from 
different  aspects,  carefully  noted.  Every  light  and  buoy  passed 
should  be  observed  as  to  its  position,  character,  and  color,  so  that 
they  may  be  known  again  when  encountered  under  less  favorable 
circumstances. 

The  Sextant  should  be  always  at  hand,  as  a  means  of  obtaining 
the  ship^s  position ;  obtaining  sights  in  cloudy  weather  in  mid-ocean 
is  good  practice  for  doing  the  same  thing  when  nearing  the  land,  and 
observations  are  more  valuable.  Sumner^s  method  for  fixing  the 
ship^s  position  should  be  thoroughly  understood  and  often  practised  ;. 
and  the  position  should  also  be  frequently  determined  by  means  of 
stars  observed  north  and  south  of  the  zenith.  A  good  longitude 
may  often  be  obtained  by  stars  taken  just  before  sunrise  or  just 
after  sunset. 

The  protractor,  dividers,  and  parallel  rulers  should  always  be 
found  in  the  neighborhood  of  the  chart. 

The  Tides  and  Currents  will  require  serious  attention,  and  as 
they  are  always  considerably  affected  by  the  prevailing  weather, 
constant  watchfulness  is  required  to  enable  the  sailor  to  handle  these 
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useful  forces.  The  log  should  be  regfularly  hove  ;  or,  if  the  patent 
log  is  used,  it  should  be  frequently  observed  ;  attention  to  the  log, 
combined  with  good  steerage,  and  obtaining  the  vessePs  position  by 
means  of  bearings,  etc,  being  tho  methods  by  which  the  movements 
of  the  water  can  be  understood.  The  dead  reckoning  should  be 
carefully  kept,  and  constant  comparison  made  between  the  currents 
actually  experienced  and  those  noted  upon  the  charts. 

OoRAii  Reefs. — The  secret  of  successful  navigation  among  coral 
reefs,  where  the  lead  is  of  little  use,  is  to  sail  or  steam  with  the  sun 
•astern  of  the  vessel,  conninpr  her  from  the  masthead.  The  vicinity 
of  coral  reefs  is  sometimes  indicated  by  what  is  known  as  *  ^  white 
water/'  but  generally  the  reefs  show  as  dark  green  patches. 

The  Hule  of  the  Road  should  be  so  thoroughly  mastered  that 
there  would  be  no  hesitation  in  the  action  to  be  taken  in  meeting  or 
passing  vessels,  by  night  or  day,  whether  under  steam  or  sail.  The 
sailor  should  be  as  familiar  with  these  laws  as  he  is  with  the  points 
of  his  compass,  so  as  to  enable  him  to  move  bis  ship  as  instinctively 
as  he  moves  his  own  body.  Helmsmen  should  be  often  tried  to  as- 
certain that  they  are  able  to  carry  out  correctly  and  quickly  tho  im- 
portant orders  of  '*Port"  and  **  Starboard."  The  state  of  tho 
bow  lights  as  well  as  that  of  the  masthead  lights  should  be  the  con- 
stant care,  not  only  of  the  officer  of  the  deck,  but  also  of  the  look- 
out man.  The  steam-whistle,  or  fog-horn  of  a  sailing  vessel,  should 
always  be  in  a  state  of  efficiency  in  case  of  a  vessel  encountering  a 
fog.  during  which  time  the  sailor^s  vigilance  should  be  increased,  and 
arrangements  made  for  rapid  and  instant  action  on  meeting  or  pass- 
ing another  vesseL  Speed  must  be  considerably  reduced,  boats 
must  be  ready  for  lowering,  and  every  preparation  made  to  prevent 
loss  of  life  in  one  of  the  most  serious  difficulties  that  has  to  be  over- 
come  at  sea. 

PILOTS. 

In  the  United  States  an  act  of  Congress  authorizes  the  several 
States  to  make  their  own  pil€tagc  laws,  and  such  laws  have  accord- 
ingly been  enacted  by  all  the  seaboard  States. 

While  the  pilot  is  on  board,  the  power  of  the  master  of  the  ves- 
sel is  not  wholly  superseded.     It  is  his  duty,  in  case  of  obvious  and 
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certain  disability  or  dangerous  ignorance,  to  dispossess  the  pilot  of 
his  authority.  It  is  also  the  duty  of  the  master  to  see  that  a  look- 
out is  kept,  aud  generally,  while  the  orders  of  the  pilot  are  impera* 
tive  as  to  the  course  the  vessel  is  to  pursue,  the  command  is  still  in 
the  hands  of  the  master. 

The  duty  of  a  pilot,  as  soon  as  he  boards  a  vessel,  is  to  report  him- 
self to  the  master,  mskke  inquiries  as  to  the  condition  of  the  anchors 
and  cables,  and  see  that  a  leadsman  is  at  hand  and  signals  ready  for 
use.  He  should  inform  the  master  when  he  is  ready  to  direct  the 
piloting  of  the  vessel,  which,  if  the  master  wishes,  may  be  as  soon 
as  he  arrives  on  board ;  but  the  New  York  Pilot  Commissioners  prefer 
that  the  master  keep  control  until  within  fifteen  miles  of  Sandy  Hook 
Light,  as  the'pilots  often  board  vessels  350  miles  at  sea,  and  the  mas- 
ters are  supposed  to  be  better  navigators,  and  to  l^now  the  qualities 
of  their  vessels  better  than  the  pilots  do. 

If  the  master  does  not  at  once  give  the  pilot  charge  of  the  vessel, 
the  latter  should  observe  how  the  vessel  minds  her  helm,  steams  or 
sails,  and,  when  desired  to  do  so,  assist  the  captain  with  his  advice. 

The  pilot  should  be  a  good  seaman,  but,  as  before  remarked,  the 
master  is  not  relieved  of  his  responsibility  even  after  the  pilot  takes 
the  direction  of  the  vessel.  He  takes  the  orders  from  the  pilot 
whether  to  go  fast  or  slow  if  under  steam ;  if  under  canvas,  to  irake 
or  reduce  sail,  and  sees  that  they  are  executed. 

The  duty  of  the  pilot,,  strictly,  is  to  keep  her  in  the  channel-way, 
and  conduct  her  safely  to  her  anchorage  or  dock.  To  avoid  dispute, 
he  should  always  be  informed  by  the  master  whether  he  is  required 
to  remain  on  board  the  vessel  after  she  is  anchored. 

United  States  Naval  Vessels. 

The  employment  of  pilots  by  naval  vessels  is  regulated  by  the  Navy 
Department,  and  the  present  custom  is  clearly  set  forth  in  the  fol- 
lowing: 

GBNEBAI.  OBDEB  |  NAVY  DEPARTMENT, 

No.  254.         f  Wasbingxon,  Septembers,  1880. 

Ooast  pilots  will  not  be  employed  on  any  vess^^f  the  Navy  unlessi  authorized  by  the 
Bureau  of  Navigation ;  and  when  coast  pilots  are  allowed,  they  shall  not  be  paid  for 
local  pilotage. 

When  any  vessel  of  the  Navy  shall  require  a  local  pilot  in  the  waters  of  any  State, 
»  pilot  licensed  under  the  laws  of  the  United  States,  or  one  licensed  under  the  Stat? 
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laws,  shall  be  employed.  But  vessels  of  the  Navy  may  enter  and  depart  from  ports 
within  the  waters  of  any  State  without  United  States  or  State  pilotH,  at  the  discretion 
of  the  commanding  officers  thereof.  In  all  cases,  pilotage  of  any  Ruch  vessels  will 
be  regulated  in  accordance  with  the  existing  laws  of  the  States,  respectively,  wherein 
local  pilots  may  be  employed. 

The  Circular  issued  by  the  Department,  May  14, 1874,  in  relation  to  the  employment 
of  pilots,  is  hereby  rescinded. 

E.  W.  THOMPSON, 

Secretary  of  the  Navt/, 


ABSTRACT  OF  THE  PILOT  LAWS  OF  THE  MARITIMl] 

STATES,  AND  RATES  OF  PILOTAGE 

FOR  VARIOUS  PORTS. 


MAINE. 

PrLOTS  are  appointed  by  the  governor  and  council  upon  the  recom- 
mendation of  a  majority  of  the  Rhip  owners  and  masters  in  the  port 
for  which  they  are  appointed.  Bonds  are  required  to  the  amount  of 
$5,000  for  the  faithful  discharge  of  the  duties,  and  the  pilots  are 
liable  for  all  damages  arising  from  neglect  or  incompetency  on  their 
part.     Any  master  may  pilot  his  own  vessel. 

Addison. — Pilotage,  $5  to  $10  per  vessel. 

Bangor. — PUotage,  $1.50  per  foot  of  draught. 

Bath. — Pilotage,  from  $5  to  $10  for  small  vessels,  and  from  $10 
to  $25  for  ships. 

OtUtoard  pilotage,  $5  for  small  vessels  and  $10  to  $15  for  ships. 

Biddeford. — Pilotage,  $1.50  per  foot  of  draught. 

Portland. — Pilotage,  as  per  agreement,  usually  $2.50  perfect  from 
outside  Cod  Ledge,  and  $2  per  foot  from  outsido  Trundy^s  Reef. 

Rockport. — Pilotage,  as  per  agreement,  generally  from  $5  to  $10. 

Saco. — Pilotage,  $1.50  per  foot  of  draught. 

Ship  Island  Harbor. — Pilotage  for  vessels  drawing  over  eight  feet 


8  PILOT   LAWS.  Sec.  1. 


of  water,  $3  per  foot.     Steamers  or  vessels  carrying  United  States 
mails  pay  half  pilotage. 

Detention,  $5  per  day. 

Thomaston. — Pilotage^  $5  to  $10  for  small  vessels,  and  $10  to  $15 
for  large  vessels. 

Yarmouth. — PUotage,  inward,  $1  per  foot  of  draught ;  outward, 
50  cents  per  foot. 

NEW  HAMPSHIRE. 

The  manner  of  appointing  pilots  is  the  same  as  in  Maine.  Pilots 
are  required  to  take  charge  of  all  vessels  drawing  over  nine  feet  of 
water,  except  coasters.  Bonds  for  the  amount  of  $1,000  are  re- 
quired for  the  faithful  performance  of  duty.  Vessels  inward  bound 
must  pay  half  pilotage  if  the  eervices  of  a  pilot  are  declined,  bub 
masters  may  pilot  their  own  vessels  when  outward  bound.  If  an 
inward  bound  vessel  getSI  within  the  lighthouse  before  a  pilot  offers, 
no  pilotage  is  due  unless  a  pilot  is  actually  employed. 

Portsmouth. — Pihtage  as  per  agreement. 

MASSACHUSETTS. 

The  governor  appoints  pilots,  except  for  the  ports  of  Boston  and 
New  Bedford,  where  the  appointing  power  is  vested  in  commissioners. 
Bonds  are  required  to  the  amount  of  $2,000  for  the  faithful  per- 
formance of  duty. 

Pilot-boats  cruise  off  Cape  Cod,  and  inward  bound  vessels  can 
generally  get  pilots  there.  All  vessels,  regardless  of  size,  are  ex- 
empt from  pilotage  when  under  coasting  license.  Vessels  under 
200  tons,  sailing  under  a  register,  may  decline  the  services  of  a  pilot 
and  pay  half  pilotage. 

If  no  pilot  offers  before  a  vessel  has  arrived  within  the  following 
limits,  viz.,  within  the  chops  of  the  harbors  of  Salem,  Marblehead, 
or  Gloucester ;  within  the  gam«t  of  Plymouth  Harbor,  or  within  the 
bar  of  any  barrel  harbor,  or  within  the  entrance  of  Boston  Harbor 
{being  a  line  drawn  from  Harding  liocks  to  the  outer  Graves  and 
thence  to  Nahant  Head),  the  vessel  is  exempt  from  pilotage,  unless 
a  pilot  is  then  employed,  when  two-thirds  rates  may  be  paid. 

The  Off-shore  line  is  an  imaginary  line  from  Thatcher  Island  to 
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Monament  land,  Plymouth.  Vessels  inside  of  that  line  are  clear 
of  oflf-shore  pilotage.  The  off-shore  pilotage  is  compulsory  only 
from  November  1st  to  April  30th,  inclusive. 

Any  pilot  who  brings  a  vessel  in  from  sea  is  entitled  to  tako  her 
out  when  she  next  leaves  port. 

Rates  of  Pilotage  for  Boston. 


OuTWARi>  Hates. 

iNWAni)  Ratkb. 

Draft 
in 

Hate  per 
foot. 

Amount. 

Draft 
in 

Hate  per 
foot. 

Amount. 

Off- 
shoro 

Amount. 

feet. 

feet. 

• 

6!l8  48 

pilotage. 

$3  70 

7 

$1  65 

911  66 

7 

$2  04 

$22  18 

8 

1  m 

13  28 

8 

2  69 

21  62 

4  oO 

25  82 

9 

1  67 

15  03 

9 

2  73 

24  67 

4  92 

29  48 

10 

1  70 

17  00 

10 

2  77 

27  70 

5  54 

3;^  24 

n 

1  74 

19  14 

11 

280 

30  80 

6  16 

26  96 

Vi 

1  78 

21  m 

12 

2  85 

34  20 

()  84 

41  04 

13 

2  00 

26  00 

18 

295 

38  36 

7  07 

4()  02 

14 

200 

28  00 

14 

3  45 

48  30 

9  66 

57  96 

15 

2  10 

31  60 

15 

3  50 

62  50 

10  50 

m  (W 

Ift 

225 

36  00 

16 

3  55 

56  80 

11  3() 

68  16 

17 

260 

42  BO 

17 

3  75 

(J3  75 

12  75 

76  50 

18 

2':5 

49  60 

18 

3  feO 

68  40 

13  ()8 

82  08 

19 

3  00 

57  00 

10 

•1  00 

76  00 

15  20 

91  20 

30 

3  25 

65  00 

20 

4  25 

85  00 

17  00 

102  00 

21 

3  60 

73  50 

21 

4  50 

94  50 

IS  CO 

113  40 

22 

3  75 

82  50 

22 

4  50 

99  00 

19  80 

118  a> 

23 

4  00 

92  00 

23 

5  00 

115  00 

2:3  00 

138  00 

24 

4  25 

102  00 

24 

5  00 

120  00 

24  00 

144  on 

25 

5  00 

.   125  00 

25 

5  00 

125  00 

25  00 

150  00 

Chatham.— P^^a^«,  from  $1.50  to  $15. 

Oohasset. — Pilotage,  $3  per  vessel. 

Edgartown. — PUotage^  inward,  $2  per  foot  of  draught. 

Fairhaven. — Pilotage,  inward,  $2.25  per  foot  of  draught ;  out-- 
ward,  $1.85  per  foot  of  draught. 

,   FbH  JRiver.— Pilotage,  $1.50  per  foot  of  draught. 
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Qloucestur. — Pilotage^  the  same  as  Boston  rates. 

Harwich  P  jrt. — Pilotage^  $2  per  foot. 

Ipswich. — Pilotage,  $1.50  per  foot. 

Marblehead. — PUotage,  over  eleven  feet  draught,  67  cents  per 
foot ;  from  eleven  to  fifteen  feet  draught,  dO  cents  per  foot ;  from 
fifteen  to  seventeen  feet  draught,  $1.20  per  foot ;  all  over  seventeen 
feet  draught,  $1.60  per  foot. 

Marion. — PUotage,  $2  per  vessel. 

Mattapoisett. — Pilotage^  inward,  $1  per  foot  of  draught ;  out- 
ward, $2  per  foot  of  draught. 

Nahant. — Pilotage^  $2  per  foot  draught. 

Nantucket. — Pilotage,*^!  per  foot  draught. 

New  Bedford — PUotage^  $2.25  per  foot  draught. 

Pl3rniouth. — Pilotage,  $1  per  foot  draught. 

Provincetown. — Pilotage,  inward,  $2  per  foot  draught ;  outward, 
$1.50  per  foot  draught. 

Quincey. — Pilotage,  $1  per  foot  draught. 

Salem. — Pilotage,  $2.50  per  foot  draught. 

Scituate. — Pilotage,  $2  per  foot  draught. 

Soinerset,— Pilotage,  from  Fall  River  to  Somerset,  $2  per  vessel ; 
from  Fall  River  to  Dighton,  50  cents  per  foot  draught. 

Tarpaulin  Cove. — Pilotage,  to  Boston,  $4.25  per  foot ;  to  Wood's 
Hole,  $1.07  per  foot ;  to  New  Bedford,  as  per  agreement. 

Vineyard  Haven  (Holmes'  Hole). — Pilotage,  $1.25  per  foot. 

Wareham. — Pilotage,  $5  to  $10  per  vessel. 

Westport  Point. — Pilotage,  50  to  60  cents  per  foot. 

Wood's  Hole. — Pilotage,  $1.07  per  foot  in  winter;  87  cents  per 
foot  in  summer  ;  outward  pilotage  one-third  of  inward  rates. 

RHODE  ISLAND. 

* 

Pilots  are  appointed  by  commissioners.  All  vessels  are  required  to 
take  a  pilot,  or  pay  full  pilotage,  except  steam  vessels  carrying  a 
United  States  pilot,  and  coasting  vessels,  which  are  exempt  unless 
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they  actually  employ  a  pilot.  Vessels  bound  into  Newport,  Bristol, 
and  Warren,  are  exempt  from  pilotage  fees  if  no  pilot  offers  before 
passing  a  line  between  Point  Judith  and  Brenton^s  Reef  Light-vessel. 

Zlast  Greenwich. — Pilotage,  per  foot  of  draught,  $1.25. 

Neinrport. — Pilotage^  per  foot  of  draught,  $1.25  to  $3.50,  inward, 
and  25  cents  extra  in  winter  ;  outward,  $1  to  $1.50  per  foot. 

Pawtoxet. — Pilotage,  per  vessel,  $2. 

Providence. — Pilotage,  per  foot  of  draught:    Under  lOi  feef, 
$1.25 ;  lOi  to  12  feet,  $1.50  ;  12^  to  14  feet,  $1.75  ;  14^  to  16  feet,  ] 
$2.25;   16i  to  18  feet,  $2.75 ;  over  18i  feet,  $3.50. 

Warren. — Pilotage,  per  foot  of  draught,  $1.25. 

Warwick. — Pi'otage,  per  foot  of  draught,  $1.25,  summer;  $1.75, 
winter. 

Wickford. — Pilotage,  per  foot  of  draught,  $1.25,  inward ;  outward, 
half  above  rates. 

CONNECTICUT. 

The  pilotage  rates  are  established  by  the  Superior  Court  of  the 
county  for  waters  within  that  county. 

All  vessels  drawing  over  9  feet  of  water,  except  coasters,  fishing 
vessels  and  tug  boats,  are  required  to  employ  a  pilot. 

Bridgeport. — Pilotage,  $1  per  foot  draught. 

Greenwich. — Pilotage,  $5  to  $10  per  vessel. 

Milford. — PUotage,  about  $3  per  vessel. 

Mystic. — PUotage,  75  cents  to  $1  per  foot  draught. 

New  London. — Pilotage,  $1  to  $1.50  per  foot. 

Stonington.— /Y/(?fa^^,  $1  per  foot  draught. 

• 

NEW  YORK. 

Sandy  Hook  pilots  are  appointed  .and  regulated  by  the  Pilot  Com- 
mi&sioners,  who  are  chosen  by  the  Underwriters  and  Chamber  of 
C  ^mmerce. 
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Hell  Gate  pilots  are  appointed  by  the  governor  and  regulated  by 
the  Port  Wardens. 

The  pilot  boats  of  New  York  and  New  Jersey  cruise  between 
Nantucket  and  Cape  May,  and  it  is  recommended  to  masters  of  ves- 
sels, when  boarded  by  a  pilot,  to  enquire  which  State  he  belongs  to, 
so  as  to  know  where  to  make  complaint  when  necessary. 

Port  of  Ne"w  York. — When  any  vessel  bound  to  the  port  of  New 
York  is  boarded  by  a  regular  pilot,  at  such  distance  to  the  southward 
or  eastward  of  Sandy  Hook  Lighthouse,  that  said  lighthouse  oannot 
be  seen  from  the  deck  of  such  vessel  in  the  daytime,  and  in  fair 
weather,  the  addition  of  one-fourth  to  the  regfular  pilotage  rates 
shall  be  allowed  to  such  pilot. 

If  the  master  desires  the  pilot  to  moor  his  vessel  within  Sandy 
Hook,  or  at  Quarantine,  instead  of  proceeding,  to  the  harbor  of  New 
York,  the  regular  pilotage  shall  bo  allowed  and  the  pilot  shall  bo 
entitled  to  his  discharge. 

Between  the  first  day  of  November  and  the  first  day  of  April, 
Inclusive,  $4  shall  be  added  to  the  full  pilotage  of  every  vessel 
coming  into,  or  going  out  of,  the  port  of  New  York. 

Masters  of  vessels  shall  give  an  account  to  the  pilot  of  the 
draught  of  the  vessel,  and  in  case  the  draught  is  given  less  than 
the  actual  draught,  are  subject  to  a  forfeit  of  $25. 

A  pilot  boat  on  station  is  required  to  keep  a  Union  jack  at  her 
foremast-head. 

Pilotage  Fees.  —  The  fees  for  pilotage  arc  established  by  law, 
as  follows  : 

For  every  merchant  vessel  drawing  legs  than  fourteen  feet  of 
water,  inward  bound,  $3, 75  per  foot. 

For  every  vessel  drawing  fourteen  feet  and  less  than  eighteen 
feet  of  water,  $4.50  per  foot. 

For  every  vessel  drawing  eighteen  feet  and  less  than  twenty-one 
feet  of  water,  $5.50  per  foot. 

For  vessels  drawing  twenty -one  feet  and  upward,  $6.50  per  foot. 

If  any  pilot  shall  be  detained  at  Quarantine  by  the  Health  officer 
for  .b^ing  on  board  a  sickly  vessel  as  pilot,  his  necessary  expenses  of 
living,  and  $3  per  day  for  every  day  of  detention  must  be  paid  by 
the  master  or  owners. 
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The  pilotage  on  vessels,  outward,  shall  be  as  follows  : 

Less  than  fourteen  feet  draught $2  75  per  foot.' 

Fourteen  and  less  than  eighteen  feet  draught 3  10    **     *' 

Eighteen  and  less  than  twenty- one  feet  draught 4  10    **     *' 

Twenty-one  feet  and  upward 4  75    "     ** 

For  every  day  of  detention  in  the  harbor  of  an  outward  bound 
vessel.,  after  the  services  of  a  pilot  have  been  required  and  given, 
except  the  detention  shall  be  caused  by  such  adverse  winds  and 
weather  that  the  vessel  cannot  geji  to  sea ;  and  for  every  day  of  de- 
tention of  an  inward  bound  vessel  by  ice,  longer  than  two  days  for 
passage  from  sea  to  wharf,  $3  shall  bo  added  to  the  pilotage. 

Any  pilot  bringing  in  a  vessel  from  sea  shall,  by  himself  or  one  of 
his  boat^s  company,  be  entitled  to  pilot  her  to  sea  when  she  next 
leaves  the  port. 

Coasters. — Coasting  vessels  are  not  required  to  take  a  pilot,  but 
if  one  be  employed,  full  rates  may  be  charged.  Masters  of  larg;e 
coasters  may  take  out  a  license  to  pilot  their  own  vessels. 

Rates  between  Quarantine  and  the  City.  —  The  pilotage 
for  taking  vessels  from  Lower  Quarantine  to  New  York  is  half  the 
regular  pilotage. 

From  Lower  Quarantine  to  Upper  Quarantine  is  one-fourth  pilot- 
age. 

For  taking  vessels  having  had  death  or  sickness  on  board,  from 
the  old  to  new  Quarantine,  double  outward  pilotage.  Vessels  from 
sickly  ports,  but  having  no  sickness  on  board,  single  outward 
pilotage. 

Pilots  are  required  to  board  the  nearest  vessel  having  a  signal  dy- 
ing for  a  pilot,  or  the  vessel  in  most  distress,  under  a  penalty  of 
$50. 

A  pilot  boat,  when  in  sight  of  a  vessel  wanting  a  pilot,  shall,  if 
there  are  no  pilots  on  board,  signalize  the  fact  by  running  her  flag 
or  signal  up  and  down  twice,  in  the  daytime ;  and  at  night  by  mak- 
ing a  like  signal  with  her  masthead  light. 

Vessels  returning  from  sea  in  consequence  of  head  winds  or  stress 
of  weather  shall  pay  full  pilotage. 

A  pilot  is  required  to  stay  until  notified  by  the  master  that  his 
services  are  no  longer  wanted.  The  omission  to  give  such  notice 
entitles  the  pilot  to  *^  detention  money.*' 
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Rates  of  Pilotage  from  April  1  to  November  1. 

Inward. 

OUTVTABD. 

Draught. 

Bate. 

Pilotage. 

Off-shore. 

Total. 

Bate. 

Pilotage. 

(»  feet  0  inches 

$8  75 

4  50 

5  50 
()  50 

$22  50 
24  37 
26  26 
28  12 
30  00 
81  87 
83  75 
85  62 
87  50 
39  37 
41  25 
43  12 

45  00 

46  87 
48  75 
60  62 
63  00 
65  25 
()7  50 
69  75 
72  00 
74  25 
76  50 
78  75 
99  00 

101  75 
104  50 
107  25 
110  00 
112  75 
136  50 
139  75 
143  00 
146  25 
149  50 
152  75 
156  00 
159  25 
162  50 

$5  62 
6  09 

6  56 

7  03 

7  50 
796 

8  44 
890 
937 
984 

10  31 

10  78 

11  25 

11  72 

12  19 
12  65 

15  75 

16  31 

16  87 

17  43 

18  00 

18  56 

19  12 
19  69 

24  75 

25  41 
!C6  12 

26  81 

27  50 

28  19 
34  12 

34  91 

35  75 

36  56 
3TS7 

38  19 

39  00 

39  81 

40  62 

$28  12 
30  46 
32  81 
35  15 
37  50 

89  83 
42  19 
44  52 
46  87 
49  21 
51  56 
53  90 
56  25 
58  59 
60  94 
63  27 
78  75 
81  56 
84  37 
87  18 

90  00 
92  81 
95  02 
98  44 

12.J  75 
127  19 
V:0  62 
l;M  06 
137  50 
140  JM 
170  02 
174  (59 
178  75 
182  81 
186  b7 
190  94 
195  00 
199  06 
203  12 

•$2  70 

3  10 

4  10 
4  75 

$16  20 
17  65 

fi 

'    6     "      

7    ' 

'    0     "      

18  90 

7    ' 

'    6     •'      

30  25 

8 

^'    0     ♦•     

%1  60 

8    * 

•    fi     '•     

29  95 

9 
9 

'    0     ''     

'    6     '*      

S4  80 
25  65 

10    ' 

•    0     "      

27  00 

U) 

''    (J     "      

28  85 

11     ' 

'    0      "      

29  70 

11     ' 

•    6     "      

81  06 

12 

"    0     "      

32  40 

12    ' 

♦    6     "      

33  76 

18 

'    0     '^      

36  10 

13 
14 

'    6      '■•      

■'    0       '      

36  45 
43  40 

14 

''    (5     '^      

44  95 

15     ' 

'    0     "      

46  60 

15    * 

'    6     "      

48  05 

Ifi 

^'     U      '♦      

49  60 

V\ 

"■    (}      '•      

61  15 

17 

"    0      "      

52  70 

17 

"    6     '•      

64  26 

18 

'♦    0     "      

73  80 

18 

"    6     "      

76  86 

19 

''    0     "      

77  90 

19 

''    6     "      

79  96 

9(0 

''    0     "      

82  00 

90 

"    6     "      

84  06 

21 

"    0     •'      

99  75 

21 

"    6     "      

102  12 

22 

'*    0     "      

104  50 

22 

"    6     "      

106  87 

28 

'»    0     "      

109  24 

28 

"    6     "      

111  02 

24 

"    0     "      

114  00 

24 
25 

"    6     **     

'»    0     '»     

116  87 
118  76 

yji^ra^so/piioiage/rom  November  1  to  April  1  are  $4,  additional.  Transportation, 
l^ortb  to  East  River  and  vice  veraa^  $5.    Pilotage  from.  QwatatvtiTvft,  otve-c\uarter  inward 
J>ilotae'e,  exclusive  at  off-sboro.   Hauling  to  or  from  v/Taar^  tj^^.  Iie\BnJ6.wv,  ^i  v«t  «k.«i. 
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Pilots  for  East  River,  Hell  Gate,  Etc. — For  piloting  any 
yessel  of  the  burden  of  ninety-five  tons  and  upward,  from  the  eastward 
of  Sand's  Point,  or  Execution  Rocks,  to  the  port  of  New  York,  or  from 
the  port  of  New  York  to  Sandys  Point  or  Execution  Rocks,  Hell 
Gate  pilots  may  demand  and  receive  $1 .50  per  foot  for  each  foot  of 
draught. 

From  the  eastward  of  Hell  Gate,  to  the  port  of  New  York,  the 
rate  is  $1  per  foot,  for  each  foot  of  draught  of  water,  and  for  out- 
ward pilotage  the  same. 

Every  pilot  shall  be  entitled,  in  addition  to  the  above  rates,  to 
demand  and  receive  25  cents  per  foot  from  any  square-rigged  vessel 
which  they  shall  pilot  to  or  from  the  port  of  New  York. 

A  pilot  who  takes  a  vessel  in  is  entitled  to  bring  her  out  on  the 
next  outward  voyage,  if  by  way  of  Hell  Gate. 

From  November  1st  to  April  1st,  in  every  year,  Hell  Gate  pilots 
shall  be  entitled  to  the  sum  of  $2  from  every  square-rigged  vessel, 
and  to  the  sum  of  $1  from  every  schooner  or  sloop,  in  addition  to 
the  above  rate  of  compensation. 

In  case  any  vessel  shall  make  the  usual  signal  for  a  pilot  and  shall 
then  refuse  to  employ  the  pilot  who  shall  first  offer  his  services,  half 
pilotage  must  be  paid. 

Any  pilot  who  shall  pilot  any  Oovemment  vessel  through  the  said 
channel  may  demand  the  same  compensation  therefor  as  is  now  pro- 
vided by  law  for  like  service  in  piloting  such  vessel  to  or  from  New 
York  by  way  of  Sandy  Hook. 

If  any  Hell  Gate  pilot  shall  render,  upon  the  request  of  the  mas- 
ter, any  extra  service  for  the  preservation  of  a  vessel  while  in  dis- 
tress, be  shall  be  entitled  to  such  amount  as  the  Board  of  Wardens 
shall  determine  to  be  a  reasonable  reward ;  and,  for  every  day  of 
detention  over  twenty- four  hours,  he  shall  be  entitled  to  $2. 

North  River. — The  pilot  who  shall  first  board  a  vessel  on  the 
North  River,  coming  from  above  Spuyten-Duyvel  Creek,  shall  bo 
entitled  to  the  pilotage  fees,  provided  said  vessel  takes  a  pilot. 
This  rule  applies  also  to  vessels  from  Elizabethport,  Newark,  and 
Amboy. 

In  no  case  shall  a  pilot  take  charge  of  more  than  one  vessel  at  a 
time. 

Any  pilot  having'  a  vessel  engaged  must  report  on  \)oat^  «ta\»  \&«J&\ 
twenijr.fonr  houra  before  the  time  of  sailing,  or  ioxieiX*  \x\^  c\«mel. 
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Greenport. — Pilotage,  $1.25.  per  foot. 

New  Rochelle. — Pilotage,  from  $8  to  $13  per  vessel.  Local  pilots 
can  be  obtained  at  City  Island.  Hell  Gate  pilots  can  bo  obtained  at 
Execution  Light. 

Riverhead. — Pilotage,  $5  per  vessel. 

NEW  JERSEY. 

Sandy  Hook  pilots  for  the  ports  of  Jersey  City,  Newark,  and  Perth 
Amboy,  are  appointed  by  commissioners. 

The  regulations  governing  pilots  do  not  differ  materially  from 
those  governing  New  York  pilots. 

Atlantic  City. — Pilotage,  $5  to  anchorage  ;  $8  to  city  wharf. 

Brldgeton. — Pliotage^  $5  per  vessel. 

Somor's  Point Pilotage,  $1  per  foot  draught. 

DELAWARE. 

All  vessels  over  seventy-five  tons,  engaged  in  trade  between 
foreign  ports,  must  employ  a  pilot. 

If  a  pilot  be  declined,  half  pilotage  from  Philadelphia  to  the 
Capes  Oi  the  Delaware  must  be  paid,  unless,  in  the  case  of  an  in- 
ward bound  vessel,  no  pilot  offers  before  she  reaches  Reedy  Island ; 
or  in  case  of  an  outward  bound  vessel,  that  a  pilot  could  not  be  had 
for  twenty-four  hours  after  the  vessel  was  ready  to  leave. 

It  is  the  duty  of  the  master  of  a  vessel  to  report  to  the  Collector 
the  arrival  or  the  intended  departure  of  his  vessel  within  thirty-six 
hours  of  such  arrival,  and  before  her  departure,  also  the  vessers 
name,  her  draught  of  water  at  the  time,  and  the  name  of  the  pilot 
who  brought  her  in  or  who  is  to  take  her  out. 

New  Castle.  —  Pilotage  same  as  Philadelphia. 

Wilmington.  —  Pilotage  same  as  Philadelphia. 

PENNSYLVANIA. 

Pilots  for  Philadelphia  arc  appointed  by  a  Board  of  Wardens. 
There  are  three  classes  or  grades  of  pilots  licensed :  the  first  is  for 
vessels  of  any  size  or  description ;  the  second  for  vessels  drawing 
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leas  thantwelye  fe^t  of  water;  the  tbizd  for  vessels  drawing  under 
Bine  feet.  New  Jersey  and  Delaware  pilots  have  power  to  act.  Th^ 
first  qualified  pilot  that  offers  is  entitled  to  take  charge  of  the  ves* 
sel,  a  second  or  thijid  grade  pilot  maj  act  if  no  first  grtule  pilot  offers 
before  the  vessel  passes  Reedy  Island. 

Philadelphia. — The  pilotage  Is  compulsory. 

Rates  of  Pilotage,  to  and  from  the  Oapes  of  the  I>elaware. 

Vessels  drawing  tmder  twelve  feet $3  74  per  foot  draught. 

from  twelve  to  fifteen  feet,  4  16        ** 

fifteen  to  eighteen. .  4  60       ** 

eighteen  to  twenty  ^ .  5  00 

over  twdnty 5  60 

Pilotage  Table. 


it 

(i 


n 


l( 


it 


u 

»4 


4< 
(( 
4( 

(I 


Draft. 

1 
Amount. 

Draft 

1 

Amount. 

Draft 

Amount 

5  feet 

«18  70 

12  feet. 

^88 

19  fe«t 

$96  00 

6X" 

20  57 

12>^  *' 

52  00 
54  08 

19X  " 

97  60 

0     *' 

22  44 

18      " 

20      " 

100  00 

6X" 

24^ 

13)tf  " 

66  16. 

noyi  *' 

112  75 

7     »• 

26  18 

14      " 

58  84 

21     '• 

116  50 

7^» 

28  C6 

UH  " 

60  32 

21K  '• 

118  26 

8     " 

1^92 

15      " 

62  40 

22    " 

121  00 

8^" 

81  T9 

16X  " 

69  76 

22^  - 

123  75 

9    ," 

38<I6 

.  16      " 

73  00 

28      '^ 

1^50 

9H  " 
10     " 

87*40 

.}§«:: 

74  25 
76  60 

23><r  " 

24      " 

129  25 
182  00 

!0X" 

89  27 

17)^  " 

78  76 

24X  '' 

184  75 

11     " 

41  14 

:      18         *' 

81  00 

25       " 

137  50 

ll)i'* 

43  01 

18X  •• 

92  60 

Doteutlon,  $3  per  day. 


From  November  Ist  to  April  1st,  $10  additional  must  be  paid, 
for  winter  pilotage. 

Vessels  bound  to  the  Breakwater  may  take  or  refuse  a  pilot ;  if 
one  is  employed,  one  fuU  pilotage  must  be  paid,  and  he  may  be  de* 
tained  or  discharged. 
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if  the  vessel  afterward  proceeds  to  Philadelphia,  one  full  pilotago 
ft  last  be  paid,  in  addition  to  the  sum  ahready  paid  for  pilotage  into 
tia  Breakwater,  but  if  the  pilot  has  been  detained,  he  shall  receive 
pay  for  detention,  and  no  additional  pilotage  for  the  Bay  and  River 
Delaware. 

Vessels  most  remain  at  the  Capes  twenty-four  hours,  if  necessary, 
to  allow  the  pilot  to  ba  taken  off.  Every  pilot  carried  to  another 
port  is  entitled  to  his  expenses  home. 

MARYLAND. 

Pilots  are  appointed  by  a  Board  of  Examiners,  and  their  license, 
given  each  April  or  May,  requires  annual  renewal.  All  vessels, 
except  coasters,  must  take  a.  pilot  or  pay  full  pilotage. 

Masters  of  coasters  arc  required  to  take  out  a  license  to  navigate 
Chesapeake  Bay  without  a  pilot,  which  license  is  good  for  one  year. 
~  Pilots  must  take  the  nearest  vessel  to  shore  or  the  vessel  in  most 
distress. 

Rates  to  Baltimore  or  from  Baltimore  to  the  Sea. — ^Vessels 
drawing  fifteen  feet  or  over,  $5  per  foot;  twelve  to  fifteen  feet, 
$4 ;  less  than  twelve  feet,  $3.50.  If  the  pilot  be  carried  to  sea  he  is 
entitled  to  receive  $100  per  month,  in  a  vessel  of  over  twelve  feet 
draught;  $80  in  a  vessel  between  nine  and  twelve  feet;  $66.66| 
in  a  ves33l  drawing  under  nine  feet;  and  is  allowed,  for  everyday 
of  detention  at  Quarantine,  $3  per  day. 

Pilots  must  keep  three  boats  at  sea.  One  on  station  fifteen  miles 
north  of  Cape  Henry ;  one  on  station  fifteen  miles  south  of  Gape 
Henry ;  one  in  latitude  of  Ca.pe  Henry  and  ten  miles  distant.. 

VIRGINIA. 

.  There  is  one  pilot. boat  outside  the  Capes. 

.  Pilots  are  appointed  by  a  Board,  and  are  divided  into  three  classes. 
Vhose  of  the  first  class  may  pilot  any  vessel ;  those  of  the  second 
class  may  pilot  vessels  whose  draught  does  not  exceed  twelve  feet ; 
and  pilots  of  the  third  class  may  pilot  any  vessel  whose  draught  doea 
not  exceed  nine  feet. 

'  All  vessels  (other  than  coasting  vessels  having  a  pilot  license)  in- 
ward bound  must  employ  the  first  Virginia  pilot  who  offers,  Gar>e 
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Heniy  bearing  west  of  south ;  and  all  such  vessels  outward  bound 
/nrast  take  the  pilot  who  offers,  west  of  Old  Point  Comfort.  If  a 
i)ilot  be  refused,  full  pilotage  must  be  paid. 

There  is  no  obligation  to  take  a  pilot,  if  none  offers  until  Cape 
Henry  bears  east  of  south. 

Annual  licenses  may  be  granted  to  coaBting  vessels,  and  such 
licenses  entitle  the  vessel  to  sail  free  without  pilots  to  and  from  the 
Bea ;  but  all  other  coasters  must  pay  regular  pilotage.  It  is  not  ne* 
cesaEtry  to  take  a  pilot  for  points  above  Hampton  Roads,  Yorktown, 
Mobjact  Bay,  Urbana,  or  Smith's  Point  on  the  Potomac.  Vessels 
ooming  f rom  sea  to  Hampton  Roads,  and  from  thence  to  any  port  in 
Maiyland,  are  subject  to  the  same  pilotage  as  vessels  bouiid  from 
Hampton  Roads  to  sea ;  provided  that  for  all  steam  vessels  plying 
regularly  between  any  Vir^nia  port  and  any  foreign  port,  a  reduc- 
tion of  50  cents  per  foot  on  the  regular  rates  shall  be  made. 

Pilots  must  take  the  first  vessel  of  their  class,  or  the  vessel  in 
most  distress. 

All  vessels  having  a  branch  pilot  must  remain  at  the  pilot  station 
,  fifteen  hours  after  arrival,  if  required,  to  giye  such  pilot  an  opportu- 
nity to  be  taken  off. 

Every  pilot  must  inquire  as  to  the  state  of  health  of  the  vessels, 
.and  in  case  of  infectious  disease,  or  coming  from  an  infected  port, 
the  vessel  must  follow  his  boat  to  quarantine.  For  this  service  the 
pilot  is  to  receive  $7  in  addition  to  the  regular  pilotage  fees. 

Norfolk. — Rates  of  pilotage  for  vessels  of  war. 

Prom  sea  to  Hampton  Roads,  $3.85  per  foot  draught ;  from  Hamp- 
tJU  Roads  to  the  Naval  Anchorage,  $8.35  per  foot  draught;  from 
Naval  Anchorage  to  Gosport  Navy  Yard,  $20  per  vessel.  Outward 
pilotage  the  same  as  inward. 

For  every  day  a  pilot  is  actually  on  board,  $4.  For  every  day  of 
detention,  to  commence  from  the  time  notice  is  given  to  the  pilot,  $4. 
'  Pilotage  rates  for  merchant  or  other  vessels.  From  sea  to  Hamp- 
ton Roads,  or  the  Compass  Buoys,  or  Yorktown  : 

Vessels  of  less  than  twelve  feet  draught $2  50  per  foot. 

"      drawing  from  twelve  to  sixteen  feet 3  15 


U  (( 


"  *'  /*     sixteen  to  eighteen  feet 3  85**      *' 

"  '*        over  eighteen  feet  of  water 4  50   "      '* 
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If  the  vessel  be  boarded  over  twenty  miles  eastward  of  Capo 
Henry^  25  cents  additional  per  foot  draught".  Foreign  vessels  not  ex- 
f^mpt  by  treaty  with  the  United  States  one-f ourLh  additional  to  above 
rates. 

From  Hampton  Roads  to  Norfolk,  or  Portsmouth,  or  any  inter- 
mediate place,  70  cents  per  foot  draught. 

From  Hampton  Uoads  to  Jamestown,  or  any  intermediate  placp, 
$1.95  por  foot  draught. 

From  Hampton  Iloads  to  Bermuda  Hundred,  or  Cit^  Point,  or  any 
intermediate  place,  $2.65  per  foot  draught. 

From  Hamptoa,  Roads  to  Richmond,  $3  per  foot  draught.  From 
any  of  the  said  places  outward,  the  same  rates  as  inward.  Any 
pilot  detained  on  board  any  sea-going  vessel  must  be  paid  $3  per 
day  for  such  detsntion,  and  if  carried  to  sea  against  his.  will,  he  is 
entitled  to  the  sum  of  $300. 

Potomao  River. — Special  pilots  are  appointed  for  the  Potomac, 
who  are  bonded  in  the  sum  of  $500,  for  the  faithful  performance  df 
duty.  Pilot  Station — between  Point  Lookout  and  Ragged  Point. 
Rates: — For  vessels  drawing  under  fifteen  feet,  $2  perfect;  out- 
ward, $1.75  per  foot.  For  vessels  drawing  over  fifteen  feet,  $2.50 
per  foot ;  outward,  $2.25  per  foot.  If  no  pilot  is  taten,  half  pilot- 
age must  be  paid,  unless  under  a  coasting  license  for  navigating  tito 
Potomac  River. 

Tappahannosk. — Pilotage,  up  or  down,  $10  per  vessel, 

York  town. — Pilotage,  $5  per  vessel. 

NORTH  CAROLIKA. 

,    Pilots  are  appointed  by  commissioners  for  each  port,  and  are  di- 
vided into  three  classes.  f 
A  bond  of  $500  is  required  for  the  faithful  performance  of  duty. 
Vessels  refusing  a  pilot  must  pay  full  pilotage. 

Boaufort. — Pilotage  on  vessels  drawing  from  seven  to  ten  feet, 
$1.50  per  foot  draught;  from  ten  to  thirteen  feet  draught,  $2  pei 
foot;  over  thirteen  feet  draught,  $2.50  per  foot. 

Elizabeth  Oity. — Pilotage,  $8  per  vessel  over  the  bar. 
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New  Berne. — Pilotage,  Tessels  of  60  to  140  tons,  across  bar  within 
limits  of  the  pilot  ground  to  Beacon  Island  Road,  or  Wallace's  Chan- 
nel,- 10  cents  per  ton,  and  the  further  sum  of  2^  cents  for  each  ton 
over  140,  and  $2  for  each  vessel  over  either  of  the  Swashes.  For 
every  vessel  from  mouth  of  Swash  to  New  Berne,  $1  per  foot,  and 
from  same  place  to  Eden  ton,  $12,  and  to  Elizabeth  City,  $10  per 
vessel.     Outward  rates  the  same. 


•Wlhiilngton. — ^Rates  of  Pilotage  for  Capo  Fear  Bars  and  River. 


Dianght 
in  feet. 

Bare.  " 

Smithville  to  Wilming- 
ton, and  vice  versa. 

Five  Fathom  Hole  to 

Wilmington,  and  vice 

versa. 

6 

«900 

$  9  50 

$  7  00 

6X 

975 

10  50 

8  00 

7 

10  75 

12  00 

9  00 

V4 

11  60 

12  50 

9  75 

B 

12  00 

13  00 

10  25  , 

^ 

12  75 

13  50 

10  75 

9 

13  50 

14  00 

11  25 

9H 

14  50 

15  00 

12  25 

n 

15  25 

16  00 

13  25 

10)^ 

17  00 

18  00 

14  60 

11 

18  50 

19  75 

'                 15  75 

nx 

20  5U 

22  00 

16  75 

13 

22  50 

24  00 

17  50 

12>^ 

25  50 

26  50 

20  00 

13 

28  50 

29U0 

22  25 

^)i 

81  00 

32  00 

24  25 

14 

84  00 

35  00 

26  25 

ux 

88  00 

40  00 

28  25 

15 

42  00 

44  00 

SO  00 

15H 

45  00 

16 

50  00 

16>tf 

55  00 

17 

00  00 

nx 

65  00 

From  Smithville  to  Bnmswiclc,  or  Brunswick  to  Wilmington,  or  vice  versa,  half 
regular  pilotage  rates. 

Prom  Sodthville  to  Five  Fathom  Hole ;  from  Five  Fathom  Hole  to  Brunswick  ;  from 
Brunswick  to  Campbell's  Island ;  from  Campbeirfl  Island  to  Wilmington ;  or  vic« 
^na,  one-foorUi  rates. 
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SOUTH  CAROLINA. 

Pilots  are  appointed  by  commissioners.  Vessels  must  pay  full 
pilotage  to  the  first  pilot  who  offers,  whether  his  services  are  ac- 
cepted or  not. 

Any  pilot  who  brings  a  vessel  into  port  is  entitled  to  carry  her  out. 

Beaufort. — ^Rates  of  Pilotage  for  Port  Royal  and  St.  Helena  Bars. 


Draught 
in  feet. 

Amonnt. 

Braaght 
in  feet. 

Amount.* 

Draught 
in  feet. 

Amount. 

6(a;td 

$18  00 

14 

$55  86 

19X 

$128  15 

under) 

14;^ 

60  60 

20 

136  61 

7 

21  00 

15 

05  96 

20X 

145  38 

8 

24  00 

15>{^ 

71  61 

21 

154  46 

9 

27  60 

16 

77  63 

21X 

163  35 

10 

31  30 

16>^ 

83  90 

22 

~  173  55 

11 

35  40 

17 

90  50 

22X 

183  56 

12 

40  00 

17X 

97  41 

23 

i:i3  87 

12^ 

43  50        1 

18 

104  63 

23>tf 

2M  49 

13 

47  31        ' 

18^ 

]12  10 

24 

•251  42 

13X 

51  43 

ly 

120  00 

- 

Bar  pilotage  is  charged  only  when  vessels  are  boarded  at  sea  and 
pilots  carry  them  directly  to  their  destination.  When  vessels  cross 
the  bar  without  a  pilot,  and  take  a  iDilot  at  the  buoy  inside  the  bar, 
half-pilotage  is  charged. 


River  Pilotage. 

From  Bay  Point  to  Port  Royal $15  00  per  vessel, 

"       *'         "      *'  Beaufort 20  00    *'       " 

''     Port  Royal  to        '''  10  00."       ** 

Beaufort  or  Port  Royal  to  Savannuli 35  00    *'       *' 

To  shift  moorings 10  CO    '*       ** 
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Charlestown. — 


Dnuight. 


Pilotage  Rates. 
{In  and  out  Vie  same. ) 


Amount. 


7 
8 
9 

10 

11 

13 

\^ 

13 

13i 


6  feet,  and  under $15  00 


(( 
(( 


"    16  50 

**    18  50 

21  00 
28  50 

'*    33  00 

"    40  00 

**    44  00 

" 45  00 

"     50  00 


<t 


Kk 


(I 


Draught.  Amount. 

14feet $54  00 

14i 

15 

15i 

16 

16i 

17 

m 

18 


60  00 
66  00 
69  00 

"     84  00 

*'     100  00 

*•    120  00 

'♦ 150  00 

''    180  00 


Georgeto'wn.  —  PiJotage,  $2.75  per  foot  draught. 

GBOEGIA. 

Pilots  are  appointed  by  commissioners  at  each  of  the  ports  of 
Savannali,  Darien,  Brunswick,  and  St.  Maiy's.  Their  jurisdiction  is 
as  follows : 

Savannah  and  the  inlets  north  of  Sapelo  Bar ; 

Dabien,  Sapelo  Bar  and  River  Altamaha,  also  the  bars  and  inlets 
south  of  Sapelo  Bar  as  far  as  St.  Simon's  Bar. 

Bbunswick. — St.  Simon^s  Bar  and  Turtle  Biver,  also  bars  and  in- 
lets north  of  Great  Satillo  River  ; 

St.  Mary's,  for  bar  of  Great  Satillo  River,  bar  of  St.  Mary's  and 
all  bars  and  inlets  between. 
.  Bonds  of  $2,000  are  required  for  the  faithful  performance  of  duty. 

All  vessels  except  coasters  must  employ  a  pilot. 

Pilots  must  oifer  to  the  nearest  vessel  to  the  bar  or  the  vessel  in 
most  Stress.  If  a  pilot  is  declined,  full  pilotage  must  be  paid.  It  is 
the  duty  of  a  pilot,  before  entering  a  vessel,  to  make  strict  inquiry  as 
to  the  state  of  health  on  board,  and  in  case  of  any  contagious,  malig- 
oant,  or  infectious  disease,  the  pilot  is  prohibited  from  boarding. 

Any  pilot  bringing  a  vessel  in  has  a  right  to  take  it  out  when 
ready  for  sea,  or  he  may  appoint  a  deputy  to  do  so. 

Pilots  are  expected  to  moor  vessela 


u 
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Brunswick. — 

Rates  of  Pilotage  for  St.  Simon's  Bar  and  Turtle  River. 

Foreign  Vessels,  not  Exempt  by  Treaty,  Fifty  Per  Cent  Additional^ 


Draught 
in  feet. 

Bar. 

River. 

Total. 

Draught 
in  feet. 

Bar. 

River. 

Total. 

6 

$13  00 

$6  00 

$18  00  1 

15 

$44  03 

$33  00 

$67  00 

«X 

12  50 

6  35 

18  75  ! 

16>^ 

48  00 

34  00 

78  (K) 

• 

13  50 

6  75 

30  35  1 

16 

6100 

35  60 

76  60 

^H 

14  50 

7  35 

31  75  1 

16)^ 

64  00 

37  00 

81  00 

8 

15  00 

7  50 

33  50 

17 

•  58  00 

89  00 

87  00 

8?^ 

16  50 

8  25 

34  75 

17^ 

61  CO 

80  50 

91  50 

9 

18  00 

900 

37  00 

18 

64  00 

82  00 

96  00 

9)4 

19  00 

9  50 

28  50 

18X 

67  00 

38  50 

100  60 

10 

20  00 

10  00 

30  OO 

19 

70  00 

85  60 

106  60 

lOX 

32  00 

11  (K) 

33  00 

i^)4 

75  00 

£7  50 

113  60 

11 

34  00 

13  00 

86  00 

20 

78  00 

89  00 

117  00 

n)4 

36  50 

13  25 

39  75 

30X 

83  00 

41  00 

133  00 

Vi 

39  00 

14  50 

43  50 

31 

86  00 

43  00  . 

129  00 

12)tf 

81  50 

15  75 

47  25 

SIX 

90  00 

45  00 

135  00 

13 

34  00 

17  00 

51  00 

33 

95  00 

47  50 

143  60 

IS}^ 

37(0 

18  GO 

55  50 

83X 

110  00 

55  00 

166  00 

14 

40  00 

20  00 

60  00 

.23 

130  00 

65  00 

195  00 

14X 

4'2  00 

21  00 

63  00 

Darien. — ^Bar  pilotage  is  not  due  unless  the  vessel  is  boarded  by  n 
pilot  beyond  the  bar ;  but  any  pilot  bringing  a  vessel  to  safe  an- 
chorage within  the  bar  shall  receive  half -pilotage.  For  detention  to 
leeward  of  the  bar,  $3  per  day.  For  detention  at  quarantine,  $3 
per  day.  For  dropping  vessels  down  the  river  to  Doboy  Island,  or 
from  the  quarantine  to  ballast  ground,  or  from  ballast  to  loading 
ground,  $7  for  each  drop,  exclusive  of  the  regular  pilotage. 

For  every  day  of  detention,  after  twenty-four  hours*  notice  has 
been  given  by  the  master  of  the  vessel,  $3 ;  provided  the  detention 
has  been  caused  by  said  master. 

'  It  is  the  duty  of  pilots  to  assist  in  unmooring  and  preparing  for 
■ea. 

In  case  a  vessel  uses  a  pilot-boat  having  no  pilot  on  board*  or 
another  vessel  on  which  there  is  a  pilot  as  a  guide  in  crossing  the 
bar,  half -pilotage  must  be  paid  the  boat  or -pilot  of  gruide  vessei 
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Rates  of  Pilotage. 
Foreign  Vesuda^  not  Exempt  by  Treaty^  Fifty  Per  Cent.  Additional. 


From  Sea  to  Upper  Buoy,  or  safe  anchor- 
age,  and   from   Sapelo   Bar   to   safe 
anchorage. 

From  Upper   Bnoy  to  Darien,   or  any 
other  landing  or  place,  and  from  a  safe 
anchorage  over  Sapelo  Bar  up  Sapelo 
River. 

Draoght 
in  feet.. 

Rate. 

Branght 
in  feet. 

Bate. 

Draught 
in  feet. 

Rate. 

Draught 
in  feet. 

Rate. 

6 

$1100 

15 

$41  00 

6 

$8  00 

15 

$30  00 

7 

12  00 

15)tf 

43(0 

7 

900 

IflX 

31  00 

8 

13  00 

16 

46  00 

8 

10  00 

1« 

33  00 

y 

16  00 

16)tf 

48  00 

0 

12  00 

1«X 

34  00 

10 

IS  00 

17  . 

62  QO 

10 

13  00 

17 

37  00 

11 

91  00 

riH 

54  00 

11 

14  00 

17^ 

39  00 

12 

23  00 

18 

58  00 

12 

19  00 

18 

41  00 

lJ>tf 

26  00 

lfi>tf 

60  00 

12K 

21  00 

1^)4 

43  00 

13 

81  00 

19 

64  00 

18 

23  00 

19 

46  00 

'^^ 

S4  00 

Viy^ 

6700 

\Z}4 

25  00 

19X 

48  00 

U 

35  00 

20 

70  00 

14 

26  00 

20 

49  00 

UH 

36  00 

• 

14^ 

27  00 

Drop,  $7. 


Detention,  $3  per  day. 


Savannah.  —  Pilbts  bringing'  a  vessel  from  sea  have  the  pref er- 
eoee  for  carrying  her  np  and  do^^  the  river,  and  to  sea  again. 

Savannah  and  Charleston  packets  are  exempt  from  pilotage. 

If  a  vessel  follows  a  pilot-boat,  or  another  vessel  m  hlch  has  a 
pilot  on  board,  over  the  bar  or  np  to  the  city,  half -pilotage  must  be 
paid  to  the  boat  or  pilot  of  guide  vessel. 

Pilots  delivering  letters,  or  orders,  on  board  of  any  vessel  which 
shall  touch  off  the  Bar  of  Tybee  for  instructions,  must  be  paid  full 
Bar  pilotage,  in  and  out. 

For  every  day  of  detention  to  leeward  of  the  Bar,  $4.82  per  day, 
after  the  first  twenty-four  hours,  provided  the  pilot  boarded  to  lee- 
ward of  the  bar  and  not  over  thirty  miles  distant. 

For  detention  at  Quarantine,  $4.32  per  day. 

Vessels  requiring  a  pilot  must  give  twenty-four  hours^  notice  in 
writing  in  a  book  kept  for  that  purpose. 
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Rates  of  Pilotage  for  Tybee  Bar  and  River  Savannah. 
Foreign  Vessds,  not  Exempt  by  Treaty^  Fifty  Per  Cent,  Additional. 


•a 

3 

Bar  and 

Cocknpur 

« 

•a 

Bar  and 

Cockspur 

Cockspur 

to 

Total. 

5 

Cockspur 

to 

Total. 

Q 

pilotage. 

Savannah. 

2 
ft 

Pilotage. 

Savannah. 

6 

$12  (J9 

$7  36 

$19  44 

15 

$46  01 

$27  71 

$73  72 

7 

13  50 

8  10 

21  60 

15>^ 

48  60 

29  22 

77  82 

8 

14  79 

8  97 

23  76 

16 

51  30 

30  78 

82  08 

9 

18  26 

11  04 

29  30 

16^5^ 

54  00 

32  46 

86  46 

10 

20  52 

12  42 

32  94 

17 

58  22 

34  94 

93  16 

11 

23  97 

14  37 

38  34 

17>{r 

61  02 

36  72 

97  74 

12 

28  95 

17  49 

46  44 

18 

64  05 

38  65 

102  60 

12J^ 

81  97 

19  34 

51  31 

18)^ 

67  17 

40  34 

107  51 

13 

35  21 

21  23 

56  44 

19 

71  72 

43  04 

114  76 

ISH 

38  55 

23  28 

61  8:3 

l»>ir 

74  9(5 

44  99 

119  95 

14 

89  86 

23  87 

63  73 

20 

78  30 

46  98 

125  28 

14X 

42  23 

25  32 

67  65 

For  detention  in  town  or  river,  after  twenty-four  hoars^  notice  has  been  given, 
$4.32. 

Drop  from  Town  to  Five  Fathom $10  80 

''  *•  Four  Mile  Point 12  U8 

**  ^    '*  Venus  Point ' 17  28 

**  Venus  Point  to  Tybee , 17  28 

All  vessels  hound  up  or  down  the  river,  and  detained  one  tide,  to 
pay  the  pilot  a  drop  of  $7.50,  but  no  detention  for  that  day. 

If  a  vessel  brings  to  in  any  part  of  the  river  to  wait  for  a  boat,  or 
other  transient  purpose,  detention  must  be  paid. 

St.  Mary's.  —  Pilotage  for  vessels  drawing  under  fourteen  feet, 
$3  per  foot  draught.     Over  fourteen  feet  draught,  $5  per  foot. 

FLORIDA 

Pilots  for  each  port  are  appointed  by  a  Board  of  Commissioners 
for  that  port,  or  in  some  cases  by  the  Board  of  Port  Wardens. 
These  Boards  have  v-ower  to  remove  pilots,  and  to  establish  rates  an«l 
fees  of  pilotage.  Special  rates  and  regulations  are  established  fcr 
each  port. 
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Apalachicola. — Pilotage  for  yessels  under  ten  feet  draught,  $3  per 
foot ;  from  ten  to  fourteen  feet  draught,  $4  per  foot,  and  from  four- 
teen to  twenty  feet  draught,  $5  per  foot. 

Cedar  Keys. — PUotage^  $3  per  foot  draught,  compuUory, 

Femandina. — Pilotage  c&mpulsoi^y, 

Vessela  drawing  six  to  ten  feet  of  water. $3  per  foot. 

*'  **        ten  to  fourteen  feet  of  water 4    **     ** 

**  "        fourteen  to  eighteen  feet  of  water. .. .     5    '*     *; 

Jacksonville. — The  two  pilot-boats  are  required  to  cruise  outside 
the  bar,  weather  permitting. 

Each  boat  has  its  number  on  the  mainsail,  the  Bettdlinl  being 
No.  1,  and  the  Nina  No.  2. 

A  vessel  calling  off  the  bar  for  instructions  must  pay  inward  pilot> 
age  to  the  pilot  who  boards  and  communicates  the  instructions. 

Any  pilot  who  brings  a  vessel  in  has  a  right  to  take  her  to  sea  on 
her  next  trip. 

Pilotage  compulsory.  Inward,  $2.50  per  foot  draught ;  outward, 
$3  per  foot  draught ;  detention,  $4.32  per  day. 

If  a  vessel  follows  a  pilot  boat  over  the  bar,  or  up  to  the  city,  said 
boat  shall  be  entitled  to  half -pilotage. 

Key  West. — ^All  vessels  entering  or  leaving  the  port  of  Key  West, 
which  do  not  require  a  pilot,  must  pay  half -pilotage  if  spoken  within 
the  following  limits :  If  approaching  by  main  ship-channel :  out- 
fide  the  outer  buoy.  By  Hawks  Channel ;  with  upper  tower  bearing 
nothing  to  the  west  of  north.  By  southwest  channel ;  nothing  to 
eastward  of  Crawfish  Key,  bearing  north-northwest.  By  north- 
west channel ;  outside  the  bar  buoy. 

Anj  pilot  who  brings  a  vessel  in  is  entitled  to  carry  her  out  again. 

Pilotage  Rates. 

For  steamers  or  vessels  drawing  six  feet  or  less  $2  per  foot  draughtt 

'*  *'  **  **  six  to  ten  feet 3    '*      **         ** 

*'  **  **  "  ten  to  fourteen 4   "      "         ** 

**           '*                 **           *'  fourteen  to  twenty.     5    "      "         " 
"  '*  "  *'  over  twenty 6   **      **        " 

Beteniaon,  $5  per  day. 
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Pensacola. —  Pilotage  Rates. ' 

For  vessels  of  under  six  feet  draft $2  per  foot. 

'*        **      drawing  from  six  to  ten  feet 3     **      *' 

'*         "  **  *'      ten  to  fourteen 4     **      ** 

**         "  **  '•      fourteen  to  twenty 6     •*      ** 

*'        **  **        over  twenty  feet .,,.     0     ''      *' 

If  a  pilot  is  declined,  half- pilotage  must  be  paid. 

St.  Augustix^e — Pilotage,  $3  per  foot  draught  for  all  vessels  draw- 
ing over  six  feet  of  water. 

ALABAMA. 

All  pilots  are  licensed  by  the  Harbor  Master  and  Port  Wardens. 
If  vessels  refuse  a  pilot,  half -pilotage  must  be  paid.  Detention,  $3 
per  day.  If  Vessels  cross  one  bar  without  a  pilot,  half -rates  only  are 
to  be  paid. 

Bonds  of  $2,000  are  required. 

Mobile. —  Pilotage  Rates. 

Lower  Bar. 

Vessels  drawing  from  four  to  ten  feet $3  50  per  foot 

**  *'  •*     ten  to  twelve  feet 4  00    **     *' 

"  **  **    twelve  to  fourteen  feet 4  50    **     '^ 

•*  **  **    fourteen  to  twenty  feet 6  00    **     ** 

Upper  Bar. 

Rates,  sf  2  per  foot"  for  all  vessels. 
Inward  and  outward  rates  the  same. 

MISSISSIPPI. 

Pilots  are  appointed  by  commissioners  for  each  port.     Pilots  must 
offer  to  the  nearest  vessel  or  the  one  in  most  distress. 
Pilotage  is  compulsory. 
Bonds  for  $1,000  are  required. 

^  Pascagoula. — Pilotage.  $3  per  foot     For  piloting  any  vessel  over 
the  bar  of  Pascagoula  River,  and  as  far  up  as  the  railroad-bridge. 
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$^  additioiQil;  and  from  said  bridge  to  the  sawm'lls,  tbe  fiuiher 
sam  of  $5.  Detention^  $3  per  day.  If  a  pilot  is  carried  to  sea,  ho 
is  entitled  to  $4  for  every  day  that  he  is  absent,  and  his  board  must 
'ilso  be  furnished,  unleKS  after  lying  off  the  bar  for  twenty-four  hours 
Do  boat  appears  to  take  him  off. 

Passage  Christian. — PilotagCj  $3  per  foot. 

Pearlington. — PUotage,  in  and  out,  $30  per  vessel. 

LOUISIANA. 

Pilots  are  appointed  by  the  Harbor  Master  and  Port  "Wardens  of  New 
Orleans.  If  the  services  of  a  pilot  are  not  dcsireJ,  half -pilotage 
most  be  paid. 

New  Orleans. —  Pilotage  Rates. 

Vessels  drawing  under  ten  feet,  $3.50  per  foot. 
Vessels  drawing  over  ten  feet,  $4.50  per  foot. 
Vessels  in  tow  do  not  pay  river  pilotage  ;  if  not  in  tow,  $40  per 
vessel. 
Tow-boats  charge  from  sea  to  city  and  back  to  sea,  7o  cents  per  to.D 

TEXAS. 

Pilots  are  appointed  by  comtnissionors,  and  must  give  bonds  f^r 
$5,000  for  the  faithful  discharge  of  duty.  Pilots  for  the  Brazos 
River  are  appointed  by  the  governor  and  confirmed  by  the  Senate. 
If  the  services  of  a  pilot  be  declined,  half -pilotage  must  be  paid. 

Brazos  Santiago* — Pilotage^  $4  per  foot. 

Corpns.  Ohria\L-^P£lotaffe,  $4  per  foot. 

Galveston. — Pilots  are  on  the  lookout  six  miles  outside  the  bar. 

Pilotage y  $4  per  foot,  both  inward  and  outward. 
When  a  vessel  discharges  and  loads  outside  the  bar,  only  one  pilot- 
age is  due. 
Indianola. — Pilotage,  $4  per  foot 

If  a  pilot  speaks  a  vessel  outside  the  bar,  he  can  demand  half-pilot 
age  if  not  employed.  •    ' 
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Port  Laracca. — PUotage,  $3  per  foot. 

Sabine  Pass. — Pilotage^  for  vessels  of  over  To  tons  measurement^ 
$3  per  foot.     If  a  pilot  is  declined,  half -pilotage  must  be  paid. 

CALIFORNIA. 

Pilots  are  appointed  by  commissioners,  and  are  licensed  for  twelve 
months  at  a  time. 

The  number  allowed  by  law  is  twenty  for  the  port  of  San  Francisco, 
and  two  for  the  ports  of  Mare  Island,  Yallejo,  and  Benecia. 

San  Francisco. — Hates  for  all  vessels  under  5C0  tons,  $5  per  foot 
draught.     Over  500  tons,  $5  per  foot  and  4  cents  per  registered  ton. 

If  the  services  of  a  pilot  are  refused,  half -pilotage  must  be  paid, 
unless  the  vessel  is  inside  the  bar  before  a  pilot  offers,  in  which  caa0 
the  above  rates  are  reduced  50  per  cent. 

Whaling  and  fishing  vessels  are  exempt  from  pilotage  dues  unless 
a  pilot  is  actually  employed.  Coasting  vessels  are  also  exempt  unle.^s 
a  pilot  is  employed. 

Any  vessel  in  tow  of  a  steam-tug  between  the  harbor  of  San  Fran- 
cisco and  port3  of  Marc  Island,  Vallejo,  or  Benecia  is  exempt  f roiu 
pilotage  unless  a  xDilot  is  employed.    . 

There  are  four  pilot -boats  at  this  port.  The  "off-shore"  boat 
cruises  near  the  Farrallones.  One  boat  is  on  the  inner  station  and 
one  is  cruising  on  the  bar.  The  fourth  boat  is  used  as  a  **  take-off  " 
boat  from  outward  bound  vessels. 

Any  pilot  who  brings  a  vessel  into  the  harbor  of  San  Francisco  is 
entitled  to  carry  her  out  again  when  she  is  ready  for  sea. 

A  ay  pilot  carried  to  sea  or  unnecessarily  detained  on  board  a  res- 
sjil  is  entitled  to  $8  per  day,  not  to  exceed  the  sum  of  $1,000  in  any 
one  ca^e.  . 

I     Pilots  are  required  to  moor  vessels. 

Bureka. — Pilotage^  if  light,  no  charge  ;  if  loaded,  75  cents  per 
ton ;  if  with  luml  er,  75  cents  per  M. 

Sm  Diego. — Pilotage^  not  compulsory,' $5  per  foot  draught,  and  4 
cents  per  ton  additional  on  all  vessels  over  500  tons.  Inward  and 
outA-ard  rates  the  tame. 
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OREGON. 

Pilots  are  appointed  by  a  board  of  commissioners. 

Pilotage  is  compnlsorj. 

Pilots  carried  to  sea  must  be  paid  the  salary  of  first  officer. 

Astoria. — Pilotage,  $8  per  foot  draught  under  twelve  feet ;  for  each 
additional  foot,  $10.  There  are  three  tug-boats  and  one  schooner 
baying  pilots  on  board. 

Empire  City. — Pilotage^  $8  per  vessel  over  bar ;  outward  pilotage 
for  loaded  Teasels,  $1  per  M  for  lumber,  50  cents  per  ton  for  coal. 

Portland. — Pilotage,  in  and  out.  over  the  bar  to  Astoria,  up  to 
twelve  feet  draught,  $8  per  foot ;  for  each  additional  foot,  $10. 
Up  and  down  from  Astoria,  $4  per  foot  each  way. 

WASHINGTON  TERRITORY. 

Pilots  are  appointed  by  commissioners. 

Bonds  to  the  amount  of  $5,000  are  required  for  the  faithful  per- 
formance of  duty.     If  a  pilot  be  refused,  half -pilotage  must  be  paid. 

Port  Townsend — Pilotage^  $8  per  foot  draught. 

Tacoma. — Pilotftr/e,  $8  per  foot  draught. 


THE  RULE  OF  THE  ROAD  AT  SEA. 

The  general  rule  of  the  road  for  steamers  is  that  in  all  ordinary 
fCases  two  steamships  meeting  '^end  on  or  nearly  end  on,"  so  as  to 
f  nvolve  risk  of  collision,  shall  port ;  that  is  to  say,  shall  keep  to  the 
light,  so  that  each  may  pass  on  the  port  (left)  side  of  the  other. 

The  partietiiar  rule  of  the  road  for  steamers  is,  that  if  they  are 
crossing,  then  the  steamer  that  has  another  steamer  on  her  own  right- 
hand  side  shall  get  out  of  the  way. 

Steamships  crossing  so  as  1  o  involve  rihk  of  collision,  always  show 
to  each  other  a  different  colored  light — green  to  red  and  red  to  green 
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— unless,  therefore,  a  steamer  sees  another  steamer's  green  light  on 
her  own  port  side,  or  another  steamer^s  red  light  on  her  own  star- 
board side,  there  is  no  danger  so  far  as  steamers  orossing'^^d  concerned, 

Ther«  are  six  cases  in  which  it  is  your  duty  to  alter  course  to  avoid 
risk  of  collision — 

1.  Ina  steamer ,  meeting  a  steamer  end  on  or  end  neatly  on, 

2.  In  a  steamer^  nearing  a  sailing  vessel. 

d.  In  a  steame7%  approaching  another  on  your  starboard  side. 
Note. — This  is  the  case  requiring  the  most  caution  and  judgment. 

4.  If  under  sail  on  the  port  tack,  nearing  a  vessel  under  saU.an  the 
starboard  ta^v, 

5.  If  under  sail  going  free^  nearing  a  vessel  under  saH^-rHshse-hauled. 

C.  If  under  sail  going  free,  and  nearing  another  vessd  to  leeward — 
also  going  free. 

In  the  first  case  only  is  it  right  to  poi't  tho  helm  withoujb  farther 
consideration.  In  tho  other  five  cases,  the  course  should  not  be  al- 
tered until— either  by  bearings  taken  with  an  interval  between  them, 
or  by  bringing  the  vessel  on  with  some  part  of  the  rigging,  an^  watch- 
ing whether  she  drawn  aft  or  forward — it  is  ascertained  that  the  ves- 
sels are  converging  on  one  point,  and  whicfi  is  Vie  best  loay  to  alter  it, 
to  avoid  collision. 

One  of  the  most  fruitful  causes  of  collision  is,  that  the  ship  that 
has  by  the  rules  to  alter  course,  does  not  do  so  promptly  and  suffi- 
ciently to  show  to  the  other  ship  clearly,  and  evidently,  that  she  knows 
h«r  dufcy  and  is  performing  it.  When  this  is  not  done,  the  other 
ship  is  often  led  to  adopt  some  wrong  course  to  avoid  collision,  and 
thus  bring  it  to  pass.  If  under  steam,  a  slight  yaw  with  the  helm 
will  serve  bo  show  the  direction  you  intend  to  take;  if  midersai]  and 
about  to  tack,  let  fly  the  jib-sheet ;  if  to  bear  up,  shiver  the  missen- 

topsail  or  brail  up  the  spanker. 

I 

So  long  as  you  keep  a  Green  Light  opposed  to  a  Qreen  Light, 
or  a  Red  Light  oppose.d  to  a  Red  Light,  no  Collision  can  happen 
between  passing  Ships. 

TAe  reckless  use  of  Port  Helm  leads  to  OoUislon. 
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Aid  to  Memory,  in  Four  Verses,  by  Thomas  Gray. 

i.  Two  Steamships  Meeting. 

When  both  side  lights  you  see  a-head, 
Port  your  helm,  and  show  your  RED. 

2.  Two  Steamships  Passing. 

GREEN  to  GREEN,  or  RED  to  RED— 
Perfect  safety — ^Go  ahead ! 

3.  Two  Steamships  Crossing. 

NOTS. — ^This  is  the  pofdtion  of  greatest  danger:  there  is  nothing  for  it  but  good 
]ook-oat,  caution,  and  jndgment,  with  prompt  action. 

If  to  your  Starboard  RED  appear, 

It  is  your  duty  to  keep  clear  ; 

To  act  as  judgment  says  is  proper ; — 

To  Port — or  Starboard — Back — or  Stop  her  I 

But,  when  upon  your  Port  is  seen 
A  steamer's  Starboard  light  of  GREEN, 
There's  not  so  much  for  you  to  do, 
For  GREEN  to  Port  keeps  clear  of  you. 

4.  All  Ships  must   keep  a  good  Look-out,  and  Steamships 
must  Stop  and  Go  Asteun  ip  nboessaby. 

Both  in  safety  and  in  doubt 
Always  keep  a  good  Look-out; 
In  danger,  with  no  room  to  turn, 
Ease  her ! — Stop  her !— Go  astern! 


84  INTERNATIONAL  REGULATIONS.  Sec.  L 


mrCRNATIONAL   STEXIRINO   AND    SAIUNG   RULES. 

Adopted  by  the  various  Maritime  Nations  to  take  efiect  on 
and  after  the  First  Day  of  September,  1880. 

IlEGULATIONS    FOR    PREVENTING    COLLISIONS    AT    SEA. 

Preliminary. 

Art.  1. — In  the  following  rules  every  steamship  which  is  under 
h-ail  and  not  under  steam  is  to  be  considered  a  sailing  ship ;  and 
every  steamship  which  is  under  steam,  whether  under  sail  or  not, 
is  to  be  considered  a  ship  under  steam. 

Rules  Oonceming  Lights. 

Art.  2. — The  lights  mentioned  in  the  following  articles,  num- 
bered 3,  4,  5,  6,  7,  8,  9, 10,  and  11,  and  no  others,  shall  be  carried  in 
all  weathers,  from  sunset  to  sunrise. 

Art.  3. — A  seagoing  steamship  when  under  way  shall  carry  : 

(a.)  On  or  in  front  op  the  foremast,  at  a  height  above  the 
hull  of  not  less  than  twenty  feet,  and  if  the  breadth  of  the  ship  ex- 
ceeds twenty  feet  then  at  a  height  above  the  hull  not  less  than  such 
breadth,  a  brigbt  white  light,  so  constructed  as  to  show  an  uniform 
and  unbroken  light  over  an  arc  of  the  horizon  of  twenty  points  of  the 
compass;  so  fixed  as  to  throw  the  light  ten  ijoints  on  each  side  of 
the  ship,  viz.,  from  right  ahead  to  two  points  abaft  the  beam  on 
either  side  ;  and  of  such  a  character  as  to  be  visible  on  a  dark  night, 
with  a  clear  atmosphere,  at  a  distance  of  at  least  five  miles. 

{b. )  On  the  starboard  side,  a  green  light  so  constructed  as  to 
show  an  uniform  and  unbroken  light  over  an  arc  of  the  horizon  of 
ten  poin^  of  the  compass ;  so  fixed  as  to  throw  the  light  from  right 
ahead  to  two  points  abaft  the  beam  on  the  starboard  side  ;  and  of 
such  a  character  as  to  be  visible  on  a  dark  night,  with  a  clear  atmos- 
phere, at  a  distance  of  at  least  two  miles. 

(c.)  On  the  port  side,  a  red  light,  so  constructed  as  to  show  an 
uniform  and  unbroken  light  over  an  arc  of  the  horizon  of  ten  points 
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of  the  compass ;  so  fixed  as  to  throw  the  light  from  right  ahead  to 
two  points  abaft  the  beam  od  the  port  side ;  and  of  such  a  character 
>8  to  be  visible  on  a  dark  nighty  with  a  clear  atmosphere,  at  a  dis- 
tanet  of  ai  ieMt  two  BuLea^ 

{(!,)  The  said  green  and  red  side  lights  shall  be  fitted  with  inboard 
screens  projecting  at  least  three  feet  forward  from  the  ligiA,  ao  as  to 
prevent  these  lights  from  being  seen  across  the  bow. 

Art.  4. — A  STEAHSniP,  when  towing  another  ship,  shall,  la  addi- 
tion to  her  side  lights,  carry  two  bright  white  lights  in  a  vertical  line 
one  over  the  other,  not  less  than  three  feet  apart,  so  as  to  distiu- 
goish  her  from  other  steamships.  Each  of  these  lights  shall  be  of 
the  same  construction  and  character,  and  shall  be  carried  in  the  same 
position  as  the  white  light  which  other  steamships  are  required  to 
cany. 

Art.  5. — A  snip,  whether  a  steamship  or  a  sailing  ship,  when  em- 
ployed either  in  laying  or  in  picking  up  a  telegpraph  cable,  or  which 
from  any  accident  is  not  under  command,  shall  at  night  cany  in  the 
same  position  as  the  white  light  which  steamships  are  required  to 
carry,  and,  if  a  steamship,  in  place  of  that  light,  three  red  lights  in 
globular  lanterns,  each  not  less  than  ten  inches  in  diameter,  in  a  ver- 
tical line  one  over  the  other,  not  less  than  three  feet  apart ;  and 
shall  by  day  carry  in  a  vertical  line  over  the  other,  not  less  than 
three  feet  apart,  in  front  of,  but  not  lower  than,  her  foremast  head, 
three  black  balls  or  shapes,  each  two  feet  in  diameter. 

These  shapes  and  lights  are  to  be  taken  by  approaching  ships  as 
signals  that  the  ship  using  them  is  not  under  command,  and  cannot 
therefore  get  out  of  the  way. 

The  above  ships,  when  not  making  any  way  through  the  water, 
shall  not  carry  the  side  lights,  but  when  making  way  shall  carry 
them. 

Art.  C. — A  sailing  snip  under  way,  or  being  towed,  shall  carry 
the  same  lights  as  are  provided  by  Article  8  for  a  steamship  under 
way,  with  the  exception  of  the  white  light,  which  she  shall  never 
carry. 

Art.  7. — Whenever,  as  in  the  cose  of  small  vessels  during  bad 
weather,  the  green  and  red  side  lights  cannot  be  fixed,  these  Oghts 
shall  bo  kept  on  deck,  on  their  respective  sides  of  the  vessel,  ready 
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for  use;  and  shall,  on  the  approach  of  or  to  other  vessels,  be  exhib- 
ited on  their  respective  sides  in  sufficient  time  to  prevent  collision, 
in  such  manner  as  to  make  them  most  visible,  and  so  that  the  green 
light  shall  not  be  seen  on  the  port  side,  nor  the  red  light  on  the 
starboard  side. 

To  make  the  use  of  these  portable  lights  more  certain  and  easy, 
the  lanterns  containing  them  shall  each  be  painted  outside  with 
the  color  of  the  light  they  respectively  contain,  and  shall  bo  pro- 
vided with  proper  screens. 

Art.  8. — A  ship,  whether  a  steamship  or  a  tailing  ship,  when  at 
anchor  shall  carry,  where  it  can  best  be  seen,  but  at  a  height  not 
exceeding  twenty  feet  above  the  hull,  a  white  light,  in  a  globular 
lantern  of  not  less  than  eight  inches  in  diameter,  and  so  con- 
structed as  to  show  a  clear,  uniform,  and  unbroken  light  visible  idl 
round  the  horizon,  at  a  distance  of  at  least  one  mile. 

Art.  9. — A  pilot  vessel,  when  engaged  on  her  station  on  pilotage 
duty,  shall  not  carry  the  light  required  for  other  vessels,  but  £^all 
carry  a  white  light  at  the  mast-head,  visible  all  round  the  horizon, 
and  shall  also  exhibit  a  flare-up  light  or  flare-up  lights  at  short  in- 
tervals, which  shall  never  exceed  fifteen  minutes. 

A  pilot  vessel,  when  not  engaged  on  her  station  on  pilotage  dul^, 
shall  carry  lights  similar  to  those  of  other  ships. 

Art.  10.  (a.) — Open  fishing  boats  and  other  open  boats  when  under 
way  shall  not  be  obliged  to  carry  the  side  lights  required  for  other 
vessels ;  but  every  such  boat  shall  in  lieu  thereof  have  ready  at 
hand  a  lantern  with  a  g^een  glass  on  the  one  side  and  a  red  glass 
on  the  other  side  ;  and  on  the  approach  of  or  to  other  vessels,  such 
lantern  shall  be  exhibited  in  sufficient  time  to  prevent  collision,  so 
that  the  green  light  shall  not  be  seen  on  the  port  side,  nor  the  red 
light  on  the  starboard  side. 

(b,)  A  fishing  vessel,  and  an  open  boat,  when  at  anchor,  shall  ex- 
hibit a  br  ght  white  light. 

(c.)  A  fishing  vessel,  when  employed  in  drilt  net  fishing,  shall 
carry  on  one  of  her  masts  two  red  lights  in  a  vertical  line  one  over 
the  other,  not  less  than  three  feet  apart. 

(d)  A  trawler  at  work  shall  carry  on  one  of  her  masts  two  lights 
in  a  vertical  line  one  over  the  other,  not  les3  than  three  feet  apart, 
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the  upper  light  red,  and  the  lower  green,  and  shall  also  either  carry 
^be  side  lights  required  for  other  vessels,  or,  if  the  side  lights  cannot 
^  carried,  have  ready  at  hand  the  colored  lights  as  provided  in  Arti- 
cle 7,  or  a  lantern  with  a  red  and  a  green  glass  as  described  in  para- 
gmph  (a. )  of  this  article. 

(e.)  Fishing  vessels  and  open  boats  shall  not  be  x^revented  from 
Qfflog  a  flare-up  in  addition,  if  they  desire  to  do  so. 

(/.)  The  lights  mentioned  in  this  article  are  substituted  for  those 
mentioned  in  the  12th,  13th,  and  14th  Articles  of  the  Convention  be- 
tween France  and  England,  scheduled  to  the  British  Sea  Fisheries 
Act,  18G8. 

ig.)  All  lights  required  by  this  article,  except  side  lights,  shall  be 
in  globular  lanterns  so  constructed  as  to  show  all  round  the  horizon. 

Art.  11. — A  ship  which  is  being  overtaken  by  another  shall  show 
from  her  stem  to  such  last-mentioned  ship  a  white  light  or  a  flare-up 
light. 

Sound  Signals  for  Fog,  etc. 

Abt.  12. — ^A  steamship  shall  be  provided  with  a  steam-whistle  or 
other  efficient  steam  sound  signal,  so  placed  that  the  sound  may  not 
be  intercepted  by  any  obstructions,  and  with  an  efficient  fog-horn  to 
be  sounded  by  a  bellows  or  other  mechanical  means,  and  also  with 
an  efficient  beU.  A  sailing  ship  shall  be  provided  with  a  similar  fog^ 
bom  and  bell. 

In  fog,  mist,  or  falling  snow,  whether  by  day  or  night,  the  signals 
described  in  this  article  shall  be  used  as  follows :  that  is  to  say, 

I  (a.)  A  steamship  under  way  shall  make  with  her  steam- whistle, 
or  other  steam  sound  signal,  at  intervals  of  not  more  than  two  min- 
utes, a  prolonged  blast. 

{b.)  A  sailing  ship  under  way  shall  make  with  her  fog-horn,  at  in- 
tervals of  not  more  than  two  minutes,  when  on  the  starboard  tack 
one  blast,  when  on  the  port  tack  two  blasts  in  succession,  and  when 
with  the  wind  abaft  the  beam  three  blasts  in  succession. 

{e.)  A  steamship  and  a  sailing  ship  when  not  under  way  shall,  at 
intervals  of  not  more  than  two  minutes,  ring  the  bell. 
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Speed  of  Ships  to  be  Moderate  in  Fog,  etc. 

Art.  13. — Eveiy  ship,  whether  a  sailing  ship  or  steamship,  shall 
in  a  fog,  mist,  or  falling  snow,  go  at  a  moderate  speed. 

Steering  and  Sailing  Rules. 

Art.  14. — When  two  sailing  ships  are  approaching  one  another,  so 
as  to  involve  risk  of  collision,  one  of  them  shall  keep  out  of  the  way 
of  the  other  as  f c^ows,  viz. : 

(a.)  A  ship  which  is  running  free  shall  keep  out  of  the  way  of  a 
ship  which  is  close-hauled. 

(b.)  A  ship  which  is  close-hauled  on  the  port  tack  shall  keep  out 
of  the  way  of  a  ship  which  is  close-hauled  on  the  starboard  tack. 

(c.)  When  both  are  running  free  with  the  wind  on  different  sides;, 
the  ship  which  has  the  wind  on  the  port  side  shall  keep  out  of  the 
way  of  the  other. 

(d. )  When  both  are  running  free  with  the  wind  on  the  same  side, 
the  ship  which  is  to  windward  shall  keep  out  of  the  way  of  the  ship 
which  is  to  leeward. 

{e.)  k  ship  which  has  the  wind  afb  shall  keep  out  of  the  wigr  of 
the  other  ship. 

Art.  15. — If  two  ships  under  steam  are  meeting  end  on,  or  nearly 
end  on,  so  as  to  involve  risk  of  collision,  each  shall  alter  her  course 
to  starboard,  so  that  each  may  pass  on  the  port  side  of  the  other. 

This  article  only  applies  to  cases  where  ships  are  meeting  end  on, 
or  nearly  end  on,  in  such  a  manner  as  to  involve  risk  of  collision,  and 
does  not  apply  to  two  ships  which  must,  if  both  keep  on  their  respec- 
tive courses,  pass  clear  of  each  other. 

The  only  cases  to  which  it  does  apply  are,  when  each  of  the  two 
ships  is  end  on,  or  nearly  end  on,  to  the  other ;  in  other  words,  to 
cases  in  which,  by  day,  each  ship  sees  the  masts  of  the  other  in  a 
line,  or  nearly  in  a  line,  with  her  own ;  and  by  night,  to  cases  in 
which  each  ship  is  in  such  a  position  as  to  see  both  the  side  lights 
of  the  other. 

It  does  not  apply  by  day,  to  cases  iu  which  a  ship  sees  another 
ahead  crossing  her  own  course;  or  by  night,  to  cases  where  the 
red  light  of  one  ship  is  opposed  to  the  red  light  of  the  other,  or 
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viien  tiie  green  light  of  one  ship  is  opposed  to  the  green  light  of  the 
^er,  or  where  a  red  light  without  a  green  light,  or  a  green  light 
withoat  a  red  light,  is  seen  ahead,  or  where  both  green  and  red 
%hti  are  seen  anywhere  but  ahead. 

Art.  16. — If  two  ships  under  steam  are  crossing,  so  as  to  involve 
fifik  of  collision,  the  ship  which  has  the  other  on  her  own  starboard 
side  shall  keep  out  of  the  waj  of  the  other. 

Abt.  17. — If  two  ships,  one  of  which  is  a  sailing  ship,  and  the  other 
ft  steamship,  are  proceeding  in  such  directions  as  to  involve  risk  of 
GolUsion,  the  steamship  shidl  keep  out  of  the  way  of  the  sailing  ship. 

Abt.  18. — ^Every  steamship,  when  approaching  another  ship,  so  as 
to  involve  risk  of  collision,  shall  slacken  her  speed  or  stop  and  re- 
verse, if  necessary. 

Art.  19. — ^In  taking  any  course  authorized  or  required  by  these 
legulations,  a  steamship  under  way  may  indicate  that  course  to  any 
other  ship  which  she  has  in  sight  by  the  following  signals  on  her 
vteam-whistle,  viz.: 
One  short  blast  to  mean  '^  I  am  directing  my  course  to  starboard.*' 
Two  short  blasts  to  mean  '^  I  am  directing  my  course  to  port.'* 
Three  short  blasts  to  mean  **"  I  am  going  full  speed  astern." 
The  use  of  these  signals  is  optional ;  but  if  they  are  used,  the 
course  of  the  ship  must  be  in  accordance  with  the  signal  made. 

Art.  20. — Notwithstanding  anything  contained  in  any  preceding 
article,  every  ship,  whether  a  sailing  ship  or  a  steamship,  overtak- 
ing any  other,  shall  keep  out  of  the  way  of  the  overtaken  ship. 

Art.  21. — In  narrow  channels  every  steamship  shall,  when  it  is 
safe  and  practicable,  keep  to  that  side  of  the  fairway  or  mid-channel 
which  lies  on  the  starboard  side  of  such  ship. 

Art.  22. — Where,  by  the  above  rules,  one  of  two  ships  is  to  keep 
out  of  the  way,  the  other  shall  keep  her  course. 

Art.  23. — In  obeying  and  construing  these  rules,  due  regard  shall 
1)e  had  to  all  dangers  of  navigation  ;  and  to  any  special  circumstances 
which  may  render  a  departure  from  the  above  rules  necessary  in 
order  to  avoid  immediate  danger. 
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No   Ship,  under  any  Oircumstances,  to  neglect  Proper  Pre- 
cautions. 

Art«  24. — Nothing  in  these  rules  shall  exonerate  any  ship,  ^r  the 
owner,  or  master,  or  crew  thereof,  from  the  consequences  of  any 
neglect  to  carry  lights  or  signals,  or  of  any  neglect  to  keep  a  proper 
look-out,  or  of  the  neglect  of  any  precaution  which  may  be  required 
by  the  ordinary  practice  of  seamen,  or  by  the  special  circumstances 
of  the  case. 

Reservation  of  Rules  for  Harbors  and  Inland  Navigation. 

Art.  25. — Nothing  in  these  rules  shall  interfere  with  the  operation 
of  a  special  rule,  daly  made  by  local  authority,  relative  to  tjie  navi- 
gation of  any  harbor,  river,  or  inland  navigation. 

Special  Ijights  for  Squadrons  and  Convoys. 

Art.  26. — Nothing  in  these  rules  shall  interfere  with  the  operation 
of  any  special  rules  made  by  the  government  of  any  nation  with  re- 
spect to  additional  stations  and  signal  lights  for  two  or  more  ships 
of  war  or  for  ships  sailing  under  convoy. 


UNmSD  STATXSS. 

Rules  and  Regulations  for  Inland  Waters. 

Rule  I.  —  When  steamers  are  approaching  each  other,  the  signal 
for  passing  shall  be  one  sound  of  the  steam-whistle  to  keep  to  the 
right,  and  two  sounds  of  the  steam-whistle  to  keep  to  the  left. 

These  signals  to  be  made  first  by  the  ascending  steamer.  If  the 
dangers  of  navigation,  darkness  of  the  night,  narrowness  of  the 
channel,  or  any  other  cause,  render  it  necessary  for  the  descending 
boat  to  take  the  other  side,  she  can  do  so  by  making  the  necessary 
signals,  and  the  ascending  steamer  must  govern  herself  accordingly. 
These  signals  to  be  observed  by  all  steamers,  either  day  or  night. 

BvLB  II.  —  Should  steamers  be  likely  to  pass  near  each  other, 
auatf  these  signala  should  not  be  made  and  anav?«te>^\i^'  >3!Dkft  Mvcgl.^  «vxc*l 
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oats  shall  have  arriyed  at  the  distance  of  eight  hundred  yards  from 

loh  other,  the  eogines  of  hoth  boats  shall  be  stopped ;  or  should  the 

gnal  be  given  and  not  properly  understood,  from  any  cause  what- 

:.  rer,  both  boats  shall  be  backed  until  their  headway  shall  be  fully 

'  lacdced,  and  the  eugines  shall  not  be  again  started  ahead  until  tiie 

•^  coper  signals  are  made,  answered,  and  understood. 

Bulb  UL — ^When  two  boats  are  about  to  enter  a  narrow  channel 
( ;  the  same  time,  the  ascending  boat  shall  be  stopped  below  such 

lannel  nntil  the  descending  b^  shall  haye  passed  through  it ;  but 
:  lould  two  boats  unayoidably  meet  in  such  a  channel,  then  it  shall  be 
'  .le  duty  of  the  pilot  of  the  ascending  boat  to  make  the  proper  sig- 
:  sis,  and  when  answered  by  the  descending  boat  to  lie  as  close  as 
'Ossible  to  the  side  of  the  channel  the  exdhimge  of  signals  may  haye 

etermlned,  as  allowed  by  Bnle  L,  and  either  stop  the  engines  or 
.  loye  them  so  as  only  to  giye  the  boat  steerage  way,  and  the  pilot  of 

;ie  descending  boat  shall  cause  his  boat  to  be  worked  slowly  until  he 
ras  passed  the  ascending  boat. 

Bulb  IV. — ^When  a  steamer  is  asbbndiog  and  running  dose  on  a 
%T  or  shore,  the  pilot  shall  in  no  case  .attempt  to  cross  the  riyer 
hen  a  descend  iug  boat  shall  be  so  near  that  it  would  be  possible 
>r  a  collision  to  ensue  therefrom. 


Bulb  YL — ^Wl^jen  any  steamer,  whether  ascending  or  descending, 

.  nearing  a  short  bend  or  point  where,  from  any  cause,  a  stesmer 

qgoaching  in  an  opposite  direction  cannot  be  seen  at  a  distsnce  of 

z  hundred  yards,  the  pilot  of  such  steamer,  when  he  shall  haye 

^  niyed  within  six  hundred  ysrds  of  that  bend  or  point,  shall  giye  a 

'  gnal  by  one  long  sound  of  his  steam-whistle  as  a  notice  to  any 

veamer  that  may  be  approaching ;  and  shonld  there  be  any  approach- 

«  steamer  within  hearing  of  such  signal,  it  shall  be  the  duty  of  the 

Jot  thereof  to  answer  such  signal  by  one  long  blast  of  his  steam- 

histle,  when  both  boats  shsll  be  nayigated  with  the  proper  precau- 

ons,  as  required  by  preceding  rules. 

Rule  YII. — ^When  a  steamer  is  running  in  a  fog  v:  thick  weather^ 
•  dudl  be  tba  daiiy  of  tebe  pilot  to  fionnd  hifl  BtQua-if\^^<^  BibVsi\«t- 
Air  noi  exceeding  two  minutes. 
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Bulb  YIIL — ^When  steamers  are  numing  in  the  same  direction 
and  the  pilot  of  the  boat  which  is  astern  shall  desire  to  pass  on  either 
side  of  the  boat  ahead,  he  shall  give  the  signal  as  in  Rule  L,  and  the 
pilot  of  the  boat  ahead  shall  answer  bj  the  same  signal,  and  allow 
the  other  to  pass  on  the  side  selected,  and  shall  in  no  case  attempt 
to  cross  her  bow  or  crowd  upon  her  coarse. 

RcLV  IX. — When  boats  ore  moving  from  their  dock  or  berth, 
and  other  boats  are  liable  to  pass  from  any  direction  toward  them, 
they  shall  give  the  same  signal  as  in  case  of  boats  meetin|F  at  a 
bend ;  bat  immediately  after  clearing  the  berth  so  as  to  be  fmly  in 
sight,  they  shall  be  governed  by  Rale  IL 

RaLB  X — Doubts  or  fears  of  misnnderstanding  signals  may  be 
expressed  by  several  short  sounds  of  the  whistle  in  quick  saooeBsion. 


Rule  XVI. —  Signal  lights  for  steamera  under  way  are  provided 
by  law  as  follows,  the  same  to  be  carried  between  sunset  and  sun- 
rise : 

For  ocean  steamers  and  steamers  carrying  sail,  a  bright  white 
light  at  the  foremast  head,  to  throw  the  light  through  ten  points  of 
the  compass  on  each  side  of  the  ship,  yiz. :  from  right  ahead  to  two 
points  abaft  the  beam,  and  to  be  yisible  at  least  five  miles.  On  the 
starboard  side  a  green  light,  and  on  the  port  side  a  red  light,  each  to 
throw  the  light  trough  ten  points  of  the  compass  on  their  lespective 
sides,  viz. :  from  right  ahead  to  two  points  abaft  the  beam,  and  to 
be  visible  at  least  two  miles.  These  colored  lights  ore  to  be  fitted 
with  inboard  screens,  projecting  at  least  three  feet  forward  from  the 
light  to  prevent  them  from  being  seen  across  the  bow. 

For  steamers  navigating  waters  flowing  into  the  Quit  of  Mexico, 
a  red  light  on  the  outboard  side  of  the  port  smoke-pipe,  and  a  green 
light  on  the  outboard  side  of  the  starboard  smoke-pipe ;  these  lights 
to  show  both  forward  and  aft,  and  also  abeam  on  their  respective 
sides. 

For  coosling  steamers  and  those  nayigating  bays,  lakes,  or  other 
inland  waters,  other  than  ferzy-boata  and  those  above  provided  for, 
the  red  and  green  side-lights  as  prescribed  for  ocean  steamers,  and  a 
central  range  of  two  white  lights,  the  after  light  being  carried  at  an 
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eleration  of  at  least  fifteen  feet  above  the  light  at  theliead  of  the 
Teasel ;  the  headlight  to  show  through  twenty  points  of  me  compass, 
Tis.  :  from  right  ahead  to  two  points  abaft  the  beam,  on  either  side 
of  the  vessel,  and  the  after-light  to  show  all  around  the  horizon. 

For  9teamera  towing  other  vessels,  the  colored  lights  shall  be  the 
same  as  prescribed  for  ocean  steamers;  and  two  white  masthead 
lights  shall  also  be  carried  verticallj  to  distinguish  them  from  other 
steamers;  the  white  light  to  show  through  twenty  points  of  the  com- 
pass, Tiz. :  from  right  ahead  to  two  points  abaft  the  beam  on  either 
side  of  the  vessel ;  white  lights  shall  also  be  placed  on  the  extreme 
outside  of  the  bow  on  either  hand,  and  also  on  the  extreme  after  part 
of  same. 

RuiiB  XYJLL — A  bright  white  light,  not  exceeding  twenty  feet 
above  the  hull,  shall  Ira  exhibited  by  all  steamers  when  at  anchor, 
between  sunset  and  sunrise,  in  a  globular  lantern  of  eight  inches 
diameter,  so  placed  as  to  show  a  good  light  all  around  the  horizon. 

Adopted  hy  the  Board  of  Supervising  Inepectore,  October  17»  1865. 


TEHES  INTERNATIONAL  CODE  OF  SIGNALS. 

Thb  Intbunatiokal  Oodb  of  Signals  fob  thb  use  of' All 
Nations  is  that  which,  on  its  first  publication,  in  1867,  was  known 
as  the  Commerdai  Code  of  tUgnaiit.  The  more  comprehensive  title, 
^'InternatioTUilj**  has  been  adopted,  owing  to  the  general  acceptance 
of  the  Oode  by  all  maritime  nations ;  and  in  order  to  facilitate  the 
means  of  communication  under  every  Otrcumstance,  whether  between 
passing  ships  or  between  ships  and  signal  stations  placed  along  the 
coast,  traneicttuma  of  the  Code  fiave  been  made  by  order  of  the  dif- 
ferent governments ;  and  the  Code  itself  has  been  so  arranged  that 
when,  £om  distance  or  haze,  colors  cannot  readily  be  distinguished, 
it  may  nevertheless  be  used  under  the  form  of  Distance  Signals,  and 
^  Jt>y  means  of  a  Semaphorio  System. 
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Oode-FlagB  or  Symbols. 

The  sTnibols  of  tbe  International  Code  consist  of  eigfhteen  flags, 
namelj : 

1  Bnigee, 
4  Pennants,  and, 
18  Square  Flags, 
representing  the  eighteen  consonant  letters  of  the  alphabet,  which 
are  used  as  dpher*  of  the  Code.    There  is  also  a  *^  Code  Pennant," 
which  is  used  as  the  Code  Signal^  and  also  as  the  Annoering  Signal  oL 
the  Code. 

These  flags*  with  their  respective  significations,  are  shown  in  tho 
plate,  and  maj  be  described  as  follows : 

BUKGBE. 

B    •    •    -    •    Red,  swallow-taiL 

PBNNANTS. 

O  -  •  «  «  White,  with  red  spot 

D  -  -  •  •  Bine,  with  white  spot. 

F  «  «  -  -  Red,  with  white  spot. 

G  -  -  •  «  Yellow-blue,  in  two  Tiartical  stripes. 

BQUARB  FLAGS. 

£[•-••  White  red,  in  two  yertical  stripes. 

J  .  .  •  .  Blue-wMte-blue,  in  three  horizontal  stripes. 

K  •  -  •  •  Yellow-blue,  in  two  yertical  stripes. 

la  •  •  -  •  Blue  and  yellow,  in  four  alternate  checks. 

M  .  •  •  -  •  Blue,  with  white  diagonal  cross. 

N  •  •  •  •  Blue  and  white,  'in  sixteen  alternate  checks, 

p  .  •  •  .  Blue,  with  white  centre. 

Q  -  •  •  •  Yellow, — quarantine. 

R  •  .  •  •  Red,  with  yellow  right  cross. 

S  •  •  •  •  White,  with  blue  centre. 

T  •  •  •  •  Red-white-blue,  in  three  yertioal  stripes. 

V  •  •  •  •  MThite,  with  red  diagonal  cross. 

W  -  «  -  •  Blue-white-red,  in  three  borders. 

CODB  PBNNANT. 

Ood»  SigntiL    «    -    «    •    Red  and  'wbite,  in  tlye  yerticai  stripe.^; 
Used  alao  aa  ''Answenng  Signal.'' 
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has  been  said  that  these  flags  represent  certain  letters  of  the 
ibet,  but  it  mnst  be  clearly  understood  that  they  do  so,  not  as 
ibeticcU  letters,  whereby  a  word  or  set  of  words  {to  form  a  sentence) 
)e  fspelt,  BUT  as  arbitrary  JSigns  or  Symbols;  and  hence,  "when  a 
is  made,  whether  of  one  flag,  or  by  a  combination  of  two,  three, 
ir  flags,  certain  words  or  even  a  completed  sentence  may  be  indi- 
[,  which,  by  a  previous  arrangement  (as  through  the  Code  Signal 
:)can  equally  be  understood  by  the  mariners  of  all  nations —since 
ymboUc  flags,  however  combined,  have  the  same  significance  in 
nguages. 

e  flags  being  known,  the  next  step  is  to  understand  the  special 
distinctive  character  of  the  various  Signals^  as  indicated  by  the 
i  of  the  Hoist  and  Upper  Flag. 

8ea  or  in  Harbor,  before  making  a  signal  with  flags,  be  sure  to 
the  Ensign  with  the  Code  Signal  (Pennant)  under  at  the  Peak, 
e  flags  making  the  signal  should  be  hoisted  at  the  masthead, 
ssible ;  or,  otherwise,  where  best  seen. 

Distinctive  Oharacter  of  Signals. 

A.  single  flag,  when  used,  may  be  the  Code  Pennant,  the  White 
mt  (C),  or  the  Blue  Pennant  (D),  and  would  have  the  following 
Ications : 

The  Code  Pennant  is  also  the  Answering  Pennant. 

The  White  Pennant  (C)  signifies  Yes :  (Affirmative). 

The  Blue  Pennant  (D)  signifies  No:  (Negative). 

c — ^AU  the  other  Code  SignalK  are  made  either  with  two^  three,  or  four  Flaqs 
ist,  and  the  Bpecial  character  of  the  Signal  is  indicated  by  the  Upper  Flao  of 

St 

Signals  of  TWO  Flags  with— 

The  Burgee  uppermost,  are  Attention  or  Demand  Signals. 
A  Pennant  uppermost,  are  Compass  Sig^nals.  * 

e  Compass  Signals  are  given  in  points  and  half-poinis,  and  are  Correct  Mag- 
tho0e  ranging — 

Prom  North  to  E.  ><  N.  have  the  white  pennant  (C)  uppermost. 

From  East  to  S.  X^  fi,  have  the  ft/?fe  pennant  (D)  uppermost. 

From  South  to  W.  >^  S.  have  the  red  pennant  (F)  uppermost 

From  West  to  N.  ^  W.  have  the  pennant  G  uppermost. 
!r  the  same  heading,  each  of  these  pennants  with  the  Flag  W  underneath  indi- 
Meteorological  Report. 
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A  Square  Flctg  uppermost,  are  UrfferU,  Danger,  or  Distr^^^ 
Signals.* 

8.  Signals  of  THREE  Flags, 

are  General,  j[  and  7'elate  to  aU  (n'dinarjfmUffecfyafin.qQiry' 
communication  appertaiaing  to  Ships  and  Shipping,  Ct9 
Passengers,  Cargo,  Provisions,  Books  and  Instruments  ^^ 
Navigation,  Lights  and  Buoys,  Soundings,  Latitude,  LcfI- 
gitude.  Time,  Weather,  Winds,' Money,  Value,  Quantit>^« 
Numbers,  etc.,  etc. 

4.  Signals  of  POUR  Flags  with— 

The  Burgee  uppermost,  are  Geogra/pTUcal  Signals, 

The  Pennant  C,  D,  or  F  uppermost,  are  SpdUng  and  Voealh 

vlary  Signals. 
The  Pennant  G  uppermost,  are  names  of  Men-of-  War, 
A  Square  Flag  uppermost,  are  names  of  Merdhant  Skips  toiA 

also  of  Tadits. 

Caution.— The  Flags  to  be  hoisted  at  one  time,  never  exceed  Fowr, 

Note. — Each  Signal  has  throughonc  the  Code  but  one  hignification  ;  for,  with  the 
18  Flags,  no  less  than  78,642  different  Signals  can  be  made;  hence  the  chief  reoom- 
niendatlons  of  the  International  Code  are  diatinctiveneaa  and  comprekefisiveiUM, 

m 

*  The  Urgetit  Signals  range  fromHB  to  SD,  and  the  greater  part  of  them  are  of  the 
utmost  importance  wherever  and  whenever  made;  they  relate  to  <ftotr«M,  danffer^  cau- 
tion, directions  to  a  vessel  under  weigh  or  at  anchoVy  ./Ire,  leak^  various  toarUSy  need 
of  assistances  etc.,  etc,  A  vessel  at  sea  passing  in  the  direction  of  another  flying  any 
such  signal  should,  if  possible,  immediately  bear  down  toward  her. 

NC  is  the  special  distress  signal  according  to  Merchant  Shipping  Act,  1878. 
PT  "  Pilot  '*  •*  *'  "  ** 

t  Among  the  General  Signals,  those  with  Fli^  F,  G,  or  H  uppermo9t^  chiefly  rdato 
to  Latitude,  Longitude,  Time,  Nautical  Instruments  and  Books,  Weather, Wind,  Storm, 
Fog,  Ice,  and  Sea. 
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SKAjfPLBS  ILLITSTRATINa  THB  FORM  OF  HOIST. 

{8ee  Plate.) 

Two-Flag  Signal,  with  Burgee  ufpermoot. 

^-   AUention  or  Demand;  B  D  meaning  "  What  ship  is  that? " 
^*  ^'  *^         B  H  meaning  ''Vessels  thai  wish  to  be 

reportedall  well,  show 
your  distinguishing 
Signals." 

Two-Flag  Signal,  with  Pennant  ufpbbmost. 
*^«  Compags;  Q  T  meaning  North  by  West. 

Two-Flag  Signal,  with  Square  Flag  uppermost. 

4.  Urgent^  Danger^  or  ZHstresa;  N  V  meaning  *'  I  am  sinking.'* 
6.       *•  "  «*  F  P  meaning  **  Want  boats  im- 

mediately.'' 

Three-Flag  Signal. 

0.  General;  ]>  8  K  meaning  *'  Do  you  oome  from  any  port  put- 
ting you  Jn  quarantine  ?  " 

7.  General;  G  L  O  meaning  ''  When  were  yonr  last  observations 

for  Latitude?" 

8.  General;  B  T  F  meaning  '^  During  the  Monsoon." 

9.  &«;»€ra(;  1<  P  H  meaning  ^*  Will    the    soundings  be   a  safe 

guide?" 

10.  General;  P  Q  H  meaning  *'  Tell  my  owner  ship  answers  re- 

markably well." 

Four-Flag  Signal,  with  Burgee  uppermost. 

11.  Oeoffraphical;  B  N  O  W  meaning  ^*  Moreton  Bay." 

Four-Flag  Signal,  with  Pennant  G  uppermost. 
13.  Manrof-  Wa/r;  Q  T  V  R  meaning  **H.  M.  ship  SvUan.'* 

Pour-Flag  Signal,  with  Square  Flag  uppermost. 

13.  Merchant  Vessel;  K  M  T  V  meaning  **  The  steamer  Baltic^  of 

Liverpool." 
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Fouk-Flag  Signal,  with  Pennant  C.  D,  or  F  uppei 

14.  Vocdbvlary;  D  V  E  S  meaning  **  The  steamer  is  getti 

to  come  off  to  yo 

15.  Vocabulary;  D  N  R  E  meaning  "  What  is  the  premii 

surance  ?" 

DISTANCE  SIGNALS. 

The  Colors  of  the  Code  Flags  may  be  rendered  indistinct 
excessive  distance ;  or,  on  the  other  hand,  where  the  distan 
great,  haze  will  equally  interfere  to  mask  the  color,  but  not  tl 
of  a  flag ;  in  order,  therefore,  that  no  opportunity  of  com: 
ing  at  sea  should  be  lost,  a  system  of  Distance  Signals  are  in 
to  correspond  with  the  Code  Flags. 

Also,  for  the  purpose  of  facilitating  communication,  the 
Signals ^  hoisted  singly  and  followed  by  "  Stop,"  have  a  speci 
fication  importing  urgency. 

The  cJiaracteristic  symbol  of  the  Distance  Code  is  the  1 
Ball  at  least  appearing  in  every  hoist  of  the  Distance  Code ;  t 
symbols  may  be  Pennants  or  Square  Flags  of  any  color. 

The  arrangement  of  these  symbols  in  the  Distance  Signal 
shown,  and  it  may  be  a  help  toward  acquiring  a  knowledg 
various  combinations  by  remembering  that  as  regards  the 
Balls  in  the  various  hoists — 

The  first  column  (B  to  H)  contains  all  the  combinations  hs 
BaU  or  Balls  first  or  uppermost  in  the  hoist. 

The  second  column  (J  to  P)  contains  all  the  combination 
the  Ball  or  BaUs^  second  or  separated  in  the  hoist. 

The  third  column  (Q  to  W)  contains  all  the  combination! 
the  Ball  or  BaUs  last  or  lowermost  in  the  hoist. 

For  the  Distance  Signals,  an  aid  to  memory  may  be  put  as 

B  to  F  have  Ball  at  top ; 
G  and  H  have  2  Balls  at  top ; 
J  to  M  have  Ball  in  middle  ; 
N  and  P  have  Balls  separated ; 
Q  to  T  have  Ball  at  bottom ; 
V  and  W  have  2  Balls  at  bottom* 


Sec.  I. 
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This  being  nnderstood,  with  the  letters  arranged  in  3  columns,  the 
foUowingisthe  distribution  of  the  pennants  and  flags  in  each  column : 
—Pennant  and  Square  Flag ;  Square  Flag  and  Pennant ;  2  Pen- 
^^ts;  2  Square  Flags;  1  Pennant;   1  Square  Flag. 

Significations  of  the  Distance  Signals  when  made  singly^  which 
will  be  indicated  by  tbe  *'  stop  "  following  each  hoist. 


B. 


0. 
D. 
P. 


Asks  name  of  ship  or  Signal 

Station  in  sight. 
Yes. 
No. 

Hepeat  Signal,  or  hoist  it  in 

a  more  conspicuous  place. 

Q^  Cannot    distinguish    your 

Flags.       Come  nearer,   or 

make  Distance  Signals. 

Hi  You  may  communicate  by  the 

Semaphore,  if  you  please. 

^«    Stop,  or  bring  to.    Something 

important  to  communicate. 

^   Have  you  any  telegrams  or 

dispatches  for  me  ? 
L.   Want  a  pilot.  Can  I  have  one? 


M.  Want  a  tug.    Can  I  have  one? 

N.  What  is  the  Meteorological 
Weather  Forecast  ? 

P.  Calls  attention  of  Signal  Sta- 
tion in  sight. 

Q.  Vessel  asks  for  orders  by  tele- 
graph from  owner,  Mr. 

at . 

R.  Beport  me  by  telegraph  to  my 
owner,  Mr.  ,  at . 

S.  Send  the  following  message  by 
telegraph. 

T.  Send  the  following  message  by 
the  Signal  Letters^  through 
the  telegraph. 


In  addition  to  the  aboye,  the  following  Distance  Signals,  composed  of 
Two  Symbols^  have  the  special  signification  indicated  beneath. 


You  are 

running  into 

danger. 


h 


Firo;  or  Leak. 

Want  immediate 

assistance. 


h 


Short  of 

Provisions. 

Starving. 


Aground. 

Want  immediate 

assintance. 
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and  also 
Stop  after  eaoh  oomplete  SignaL 


Annul  SignaL 


B 


K 


R 


H 


L 


M 


7 


W 
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e  whilst  BO 


Semaphore  masta  aie  fnrmshed  wilJi  Thret  Armt,  nhioh  are  Deed 
^  followe  in  the  reptesectation  of  any  of  the  Distance  Signals  :— 

1'  The  Dilk  at  the  top  of  the  mast  indicates  that  Bignals  aie  being 
"^e  by  the  Internatwjmi  Code,  and  it  must  re      '      '  '  ''  ' 

"'ennUiiig.    It  is  a  large  bla«k  disk  with  white  n 


i.  Anj  arm 
poioljiig  dovm- 


3.  Any  arm 

ia  ahoriamtal 
position 


< 
'  7 

•^ 

C     '' 

K    — 

■I 

S 

1  ii 

•1 

n 

/ 

'I 

■I 

"    i 

■I 

■\ 

P    ' 

•E 
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The  Semaphore  Signals  are  always  to  be  read  off  as  Distance  Sig- 
nals ;  and  a  single  Semaphore  letter  (or  symbol)  has  the  same  signi- 
fication as  a  Distance  Signal  when  made  singly. 

All  communications  between  passing  ships  and  the  Semaphores 
are  to  be  made  exdusivdy  hy  the  Signals  of  the  International  Code, 

Boat  Signals. 

The  Symbols  for  Boat  Signals  are  : — 

1.  Two  square  flags,  or  handkerchiefs,  or  pieces  of  cloth. 

2.  Two  long  strips  of  cloth,  or  parts  of  a  plank,  or  pieces  of  wood 
longer  than  broad — (for  pennants). 

8.  Two  balls,  or  hats,  or  round  bundles,  or  buckets. 

With  these  any  of  the  distance  Signals  can  be  made — holding  the 
Symbol  at  Arm's  length ;  and  the  Signal  is  to  be  made  from  right  to 
left  and  read  from  left  to  rights  thus : — 


Equivalent  to  Ball  above  Pennant,  or 
**  You  are  Running  into  Danger." 


Signifying 
'*  Accident ;  want  a  Surgeon." 


(( 


Stop ; "  or  Finish  after  each  complete  signaL 
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In  making  Boat  Signals  it  is  important  to  use  only  the  proper 
means  to  attract  attention,  and  to  avoid  those  that  may  occasion 
confusion  or  misinterpretation. 

Signal  Book. 

In  the  Signal  Book  the  Combinations  of  Flags  forming  the  entire 
scries  of  Signals  from  BO  to  F  G  M  D  foUow  in  consecutive  order  ^ 
so  that  with  very  little  trouble,  and  with  ordinary  intelligence,  a 
Signal  can  be  made  or  deciphered,  as  the  case  requires. 

The  book  consists  of  several  parts,  but  it  is  only  necessary  to 
explain  Parts  I.  and  II. 

Part  I.  contains,  in  successive  order — 

The  2- Flag  Signals,  of  which  remember  that  those  with 

Square  Flag  uppermost,  when  made  at  sea,  should  never  be 

disregarded,  as  in  all  probability  they  may  indicate  danger 

or  distress. 
The  3-Flag  Signals  for  general  communications  and  enquiiies, 

as  between  passing  ships,  or  a  ship  and  a  shore  station  ; 

to  these  sacceed  the  Numeral^  Address^  and  Alphabetical 

Tables;  and,  finally, 
The  4-Flag  Signals  with  Burgee  uppermost,  all  of  which  are 

Oeographical. 

Part  II.  commences  with 

The  Alphabetical  Spelling  Table,  which  is  a  4-Flag  Signal, 
and  is  followed  by  a 

Vocabulary  and  Index  to  the  Signals  in  Part  I.  ;  and  note  that 
the  arrangement  is,  in  this  portion  of  the  book,  alphabetical, 
after  the  tnanner  of  a  Dictionary  ;  every  Signal  which  has 
appeared  in  Part  I.  is  inserted  in  its  proper  alphabetical 
order,  with  the  Signal  Letters  placed  to  the  right.  But 
there  are  also  many  additional  4-Flag  Signals  which  are  not 
included  in  Part  I.,  and  for  these  the  Signal  Letters  are 
placed  to  the  left ;  they  begin  with  C  H  B  D  and  end  with 
FGMD. 

The  Alphabetical  Geographical  Index  closes  Part  II. 

For  Making  a  Signal  reference  should  invariably  be  made  to 
Part  II.  of  the  Signal  Book. 
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To  Interpret  or  Read  a  Signal  reference  thotdd  be  made  to 
Part  I.  of  the  Signal  Book,  unless  it  be  a  4- Flag  Signal  other  than  a 
Geographical  one,  in  which  case  it  will  be  found  in  Part  II.  to  the 
left  of  the  column. 

But  for  a  JS/iip^s  Name  reference  must  be  made  to  the  Code  List 
for  the  year. 

Extracts  of  Danger  or  Distress  Signals  from  Signal  Book. 

{Those  considered  as  most  urgent.) 

Assistance. 

H   B.  Want  immediate  assistance. 
H  D.  No  assistance  can  be  rendered. 
H  F.  We  are  coming  to  year  assistance. 

Boats. 

H    J.  Boat,  or  life-boat  cannot  come. 

H   E.  Boat  in  distress. 

H    Ii.  Do  not  attempt  to  land  in  your  own  boats. 

H  M.  Man  overboard. 

Communicate. 

H  P.  Close ;  I  have  important  intelligence. 
H  Q.  Allow  no  person  on  board. 

Damage  or  Accident. 

H   T.  Damaged  mast ;  cannot  carry  sail. 
H  V.  Damaged  rudder  ;  cannot  steer. 
H  W.  Machinery  disabled. 
J     B.  Accident ;  want  a  surgeon. 

Danger  or  Caution. 

J    D.  You  are  standing  into  dangrr. 
J    F.  You  are  in  a  dangerous  position. 
J     P.  Heavy  weather  coming  ;  look  sharp. 

Directions  to  a  Vessel  Under  Weigh. 

J     S.  Stand  off ;  get  an  offing. 
J     T.  Tack  instantly. 
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J  W.  Heave  to ;  stop  her  instantlj. 

K  B.  Heave  all  aback ;  go  astern. 

E  D.  Stand  on. 

E  F.  Bear  up  instantly. 

E  G.  Wear  instantly. 

E  H.  Not  room  to  wear. 

E  J.  Get  her  on  the  other  tack,  or  you  will  be  on  shore. 

E  N.  Keep  to  windward. 

E  F.  Bar  impassable. 

E  Q.  Channel  has  altered  ;  do  not  try  it. 

E  R.  Dangerous  without  a  pilot. 

E  S.  Buoys,  or  marks,  are  not  in  their  proper  position. 

E  T.  Port  the  helm  (to  be  flown  imtil  course  issuffleienUy  altered), 

E  V.  Starboard  the  helm  (Ditto). 

L  C.  Steady  the  helm. 

L  D.  Steer  after  me. 

L  F.  Keep  on  the  port  shore,  or  side  of  channel. 

1*  G.  Keep  on  starboard  shore,  or  side  of  channeL 

L  H.  Keep  in  centre  of  channel. 

L  M.  The  berth  you  are  now  in  is  not  safe. 

L  N.  Hun  on  the  beach.     Beach  the  vessel. 

L  P.  Anchor  instantly. 

Directions  to  a  Vessel  at  Anchor. 

L   R.  Weigh,  cut,  or  slip ;  wait  for  nothing. 

L     S.  Put  to  sea  at  once ;  get  an  offing. 

L    V.  Shift  your  berth  ;  your  berth  is  unsafe. 

L  W.  Cut  away  your  masts. 

M  C.  Should  you  part,  beach  where  people  are  assembled,  or  by 

compass  signal  from  you  as  will  be  pointed  out. 
M  D.  Do  not  hold  on  to  your  anchors,  but  let  her  beat  up  on  the 

beach. 
M  F.  Hold  on  until  high  water. 
M  H.  Lose  no  time  in  shoring  up. 

Directions  for  Saving  Crew. 

M  E.  Bemain  by  the  ship. 

M  Ifc  Quit  the  vessel  as  fast  as  possible. 
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M  P.  Landing  is  impossible. 

M  Q.  Look  out  for  a  line. 

M  R.  Endeavor  to  send  a  line. 

M   S.  Do  the  best  you  can  for  yourselves ;  no  assistance  can  be 

given. 
M  V.  Lights  or  fires  will  be  kept  at  the  best  places  for  coming  on 

shore. 
M  W.  Keep  a  light  burning. 

Distress. 

N    O.  In  distress  ;  want  assistance. 

N   D.  I  must  abandon  the  vessel 

N   F.  Do  not  abandon  me. 

N   G.  I  am  unmanageable. 

N  H.  I  am  in  danger,  or  shoal  water ;  direct  me  how  to  steer. 

Fire. 

N  M.  I  am  on  fire. 

N   P.  Fire  gains  rapidly ;  take  people  oflF. 

N   Q.  Want  immediate  assistance  ;  fire  can  be  extinguished. 

Leak. 

N    S.  I  have  sprung  a  leak. 
N    T.  Leak  is  gaining  rapidly. 
N   V.  I  am  sinking. 

Wants. 

P    O.  Want  assistance  ;  mutiny. 

P   D.  Want  immediate  medical  assistance. 

P    F.  Want  boat,  or  boats,  immediately. 

P    H.  Want  food  ;  starving. 

P     J.  Want  coal  immediately. 

P    K.  Want  an  anchor. 

P    N.  Want  a  steam-tug. 

P     S.  Want  hands. 

P    T.  Want  a  pilot;  qan  one  be  obtained?  {Answer  **Yes"  or 

'*No"). 
Q    O.  Repeat  signal. 
Q   H.  Stop,  or  heave  to ;  I  have  something  to  communicate. 
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Q    J.  Asks  for  meteorological  weather  report. 
Q    K.  Asks  for  meteorological  forecast  for  to-morrow. 
Q    L.  Asks  hour  of  highest  water,  and  minimum  depth  at  that 
time.     (Reply  will  be  by :  1.  A  time  signal.     2.  A  nu- 
meral signal  indicating  the  number  of  feet.) 

Q   N.  I  wish  to  obtain  orders  from  my  owners,   Mr.    , 

at . 

N.  B. — This  signal  to  he  followed  hy  :  1.  Vessel  distinguishing  sig- 
nal.    2.   Owner's  name  from  spelling  table.     8.  Owner's  residence. 

The  International  Code  has  been  adopted  by  the  following  mari- 
time powers,  viz.  : 


Great  Britain. 

Denmark. 

Russia. 

Austria. 

Portugal. 

France. 

Holland. 

Greece. 

Germany. 

Brazil. 

America. 

Sweden. 

Italy. 

Spain. 

SIGNAIi   STATIONS. 

Signal  stations  have  been  established  at  some  of  the  most  impor- 
tant points  on  the  coasts  of  th«  United  Kingdom,  as  follows  : 

Aldborough.  Dover.  Penzance. 

Bridlington.  Dungeness.  The  Scilly  Islands. 

Flamboro'  Head.  Yarmouth,  T.  of  W.  Roche's  Point. 

Grimsby.  St.  Catherine's  Point,  Queenstown. 

Yarmouth,  Norfolk.  (I.  of  W.)  Holyhead, 

Broadstairs.  Prawle  Point,  near  the  Caldy  Island  (Tenby). 

Deal.  Start.  Cardiff. 

Signal  Stations  have  also  been  established  at, 

Straits  of  Sunda.  Ascension.  Oxo,  Christiansand. 

^traits  of  Messina.  Cape  Point,  C.  G.  H.    Elsinore. 

Gibraltar.  Heligoland.  Palais,  Belle  Isle. 

St.  Helena.  Skagen,  N.  of  Jutland.  Sulina,  Danube. 

At  these  signal  stations  the  International  Code  is  the  only  code 
recognized,  and  vessels  of  any  nation  which  make  their  names 
known  by  means  of  the  International  Code  in  passing  these  stations 
will  be  reported  in  the  Shipping  Qazette. 
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-      SiaNALS  FOR  PILOTS. 

"In  the  Daytime. — The  following  signals,  nnmbered  1  and  2, 
when  used  or  displayed  together  or  separately,  shall  be  deemed  to 
be  signals  for  a  pilot  in  the  daytime,  yiz. : — 

*  *  1 .  To  be  hoisted  at  t'ae  fore,  the  Jack  or  other  National  color 
usuaJly  worn  by  merchant  ships,  haying  round  it  a  white 
border  one-fifth  of  the  breadth  of  the  flag ;  or 

**  2.  The  International  Code  Pilotage  Signal,  indicated  by  P.  S. 

"  At  Night. — The  following  signals,  numbered  1  and  2,  when  used 
or  displayed  together  or  separately,  shall  be  deemed  to  be  signals  for 
a  pilot  at  night,  viz. :  — 

^'  1.  The  pyrotechnic  light,  commonly  known  as  a  blue  light, 
every  fifteen  minutes  ;  or 

'^2.  A  bright  white  light,  flashed  or  shown  at  shorter  fre- 
quent intervals,  just  above  the  bulwarks,  for  about  a 
minute  at  a  time. 

SIGNALS  OF  DISTRESS. 

"In  the  Daytime. — The  following  signals,  numbered  1,  2,  and  3, 
when  used  or  displayed  together  or  separately,  shall  be  deemed  to 
be  signals  of  distress  in  the  daytime  : — 

*'  1.  A  gnu  fired  at  intervals  of  about  a  minute. 

**2.  The  International  Code  Signal  of  distress  indicated  by 

N.  C. 
*^  3.  The  distant  signal,  consisting  of  a  square  flag,  having 

either  above  or  below  it  a  ball,  or  anything  resembling  a 

ball. 

"At  Night. — The  following  signals,  numbered  1,  2,  and  3,  when, 
used  or  displayed  together  or  separately,  shall  be  deemed  to  be  sig- 
nals of  distress  at  night : — 

^'1.  A  gun  fired  at  intervals  of  about  a  minute. 
^*2.  Flames  on  the  ship  (as  from  a  burning  tar  barrel,  oil  bar* 
rel,  etc.). 
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*'  3.  Rockets  or  shells  of  any  color  or  description  fired  one  at  a 
time  at  short  interrals.*' 

And  ^'  any  Master  of  a  vessel  who  uses  or  displays,  or  causes  or 
permits  any  person  under  his  authority  to  use  or  display  any  of  the 
Raid  signals,  except  in  the  case  of  a  vessel  being  in  distress,  shall  be 
liable  to  pay  compensation  for  any  labor  undertaken,  risk  incurred, 
or  loss  sustained,  in  consequence  of  such  signal  having  been  sup- 
posed to  be  a  signal  of  distress ;  and  such  compensation  may,  with- 
out prejudice  to  any  other  remedy,  be  recovered  in  the  same  man- 
ner in  which  salvage  is  recoverable.'' 

WSATHER  INTBIiIJaENOII. 
Signal  Stations  on  the  Coast  of  the  United  States. 

There  are  no  coasts  so  fully  guarded  by  the  display  of  storm  sig- 
nals as  the  coast  of  the  United  States.  The  act  of  Congress  requir- 
ing this  service  contemplates  the  establishment  of  signiil  stations  nt 
life-saving  stations,  and  lighthouses  at  points  along  the  coast  in  such 
manner  that  the  coast  and  sea  in  their  vicinity  may  be  at  once  kept 
under  observation,  warning  of  approaching  storms  be  given  to  ves- 
sels within  signal  distance,  and  information  of  disasters  occurring  be 
rapidly  conveyed  to  the  life-saving  stations,  to  lighthouses,  ports 
from  which  aid  may  come  in  case  of  need,  and  to  the  main  office. 

Vessels  passing  in  view  can  be  at  once  warned  by  signals  of  com- 
ing danger,  or  be  aided  if  in  distress. 

It  has  been  a  source  of  complaint  among  the  seafaring  men  on  all 
those  coasts  on  which  storm-signals  have  been  attempted  to  be  dis- 
played, that  while  it  might  be  learned  by  vessels  lying  in  port,  with 
reasonable  certainty,  whether  or  not  a  storm  was  so  impending  as  to 
render  it  unsafe  to  risk  exposure  at  sea,  there  was  no  plan  of  storm 
signals  devised  by  which  it  could  be  communicated  to  vessels  actu- 
ally at  sea,  and  in  sight  of  the  stations,  beyond  the  mere  fact  that  a 
storm  was  threatening,  and  from  what  direction  it  was  to  be  expected. 
It  was  not  possible  to  advise  on  what  coasts  it  would  be  dangerous ; 
whether  or  not  any  particular  voyage  might  be  continued  with 
safety,  or  when  and  where  shelter  ought  to  be  sought. 

The  connection  by  means  ot  telegraphic  lines  vr\\.\i  «i\\  B»e\)i.-<i^^&^ 
stations  and  the  main  oSLce  has  iessened  these  difRc\dt\ea. 
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Prepaiative    I       Answering: 


and  also 
BUifp  after  each  complete  SignaL 


Annul  SignaL 


B 


K 


H 


M 


S 


W 
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SemaphoM  masts  are  famished  with  Three  Arm*,  whioh  are  used 
SB  follows  in  the  representation  of  anj  of  the  Distaitce  Signals ; — 

1.  The  lH«k  at  the  top  of  the  mast  indicates  that  signals  are  being 
msde  by  the  InteraaUonitl  Code,  and  it  mast  remain  tbete  wbilsl;  so 
signalling.    It  is  a  large  bta«k  ^k  with  ichiU  rim. 


'7 

Q.   ^ 

2.  Jldj  arm 
pointiiig  down- 
ward 

'\ 

■\ 

3.  An?  arm 

position 
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< 

'1 

4.  Any  arm 
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Alpena,  Mich. 
AfJitabula,  Ohio. 
Bay  City,  Mich. 
Buffalo,  N.  Y. 
Cape  Vincent,  N.  Y. 
Charlotte,  N.  Y. 
Chicago,  HI. 
Cleveland,  Ohio. 
East  Tawas,  Mich. 
Erie,  Pa. 
Escanaba,  Mich. 
Fairport,  Ohio. 
Forester,  Mich. 
Grand  Haven,  Mich. 


The  Lakes. 

Green  Bay,  Wis. 
Hom^s  Pier,  Wis. 
Kenosha,  Wis. 
Kewaunee,  Wis. 
Ludling^on,  Mich. 
Mackinac  City,  Mich. 
Manitowoc,  Wis. 
Marquette,  Mich. 
Menomonee,  Mich. 
Milwaukee,  Wis. 
Monroe,  Mich. 
Muskegon,  Mich. 
Northport,  Mich. 
Oswego,  N.  Y. 


Pentwater,  Mich. 
Port  Austin,  Mich. 
Port  Huron,  Mich. 
Racine,  Wis. 
Rochester,  N.  Y. 
Rogers  City,  Mich. 
St.  Joseph,  Mich. 
Sandusky,  Ohio. 
Sheboygan,  Wis. 
South  Haven,  Mich. 
Sturgeon  Bay,  Wis. 
Toledo,  Ohio. 
Traverse  City,  Mich. 


The  occuirence  of  a  storm  area  registering  a  wind  velocity  of 
twenty-five  miles  per  hour  on  land,  indicating  a  much  greater  velocity 
at  ten  or  twenty  miles  from  the  land,  is  taken  as  the  lowest  velocity 
justifying  a  signal. 


COAST  OF  GREAT  BRITAIN. 

Telegraphic  Weather  Intelligence. 

The  Meteorological  Office  issues  (free  of  charge)  to  ports  and  fishing 
stations  approved  of  by  the  Board  of  Trade,  notices  of  atmospherical 
disturbances  on  or  near  the  coasts  of  the  British  Islands. 

Signals. — The  fact  that  such  a  notice  has  been  received  at  any 
station  is  made  known  by  a  signal,  which  is  hoisted  on  the  receipt 
of  the  message,  and  remains  hoisted,  but  only  during  the  daytime, 
for  the  space  of  forty- eight  hours,  and  no  longer — counted  from  the 
time  the  message  is  sent  out. 

The  signals  are  made  by  means  of  two  canvas  shapes,  a  Cone  and 
a  Drum. 

The  Cone  is  three  feet  high  and  three  feet  wide  at  base,  and  ap- 
pears as  a  triangle  when  hoisted. 
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The  Drum  (or  cylinder)  is  three  feet  high  and  three  feet  wide,  and 
ap{>ear8  as  a  square  when  hoisted. 


Southerly  Gale. 
— The  Cone,  point 
downward^  means 
that  strong  winds 
are  probable,  at 
first  from  the 
southward  (from 
S.  B.,  round  by 
S.  to  N.  W.). 


Gale  probably 
from  the  south- 
ward. 


Northerly  Gale. 
— The  Cone,  point 
upward,  means 
that  strong  winds 
are  probable,  at 
first  from  the 
northward  (from 
N.  W.,  round  by 
N.  to  S.  E.). 


i 


Gale  probably 
from  the  north- 
ward. 


Dangerons  wind, 
probably  at  first 
from  the  north- 
ward. 


Very  Heavy  Gales. — The  Drum 
will  be  hoisted  with  the  Cone  when- 
ever a  very  heavy  gale,  either  south- 
erly or  northerly,  as  the  case  may 
be,  is  probable.  The  Drum  will  not 
be  used  without  the  Cone. 


Dangerous  wind, 
probably  at  firnt 
from  the  south- 
ward. 


Sudden  Shifts  of  Wind. — No  signal  is  employed  to  indicate  a 
wind  which  is  likely  to  shift  suddenly,  but  it  must  be  remembered, 
that  a  southerly  wind  is  much  more  likely  to  veer  to  a  point  north 
of  west  than  a  northerly  wind  is  to  veer  to  a  point  south  of  east ; 
aocordingly,  when  the  south  signal  cone  is  hoisted,  and  the  anchor- 
age or  harbor  is  exposed  to  the  northwest,  it  is  advisable  to  make 
preparations  for  a  northwest  gale. 
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On  Hoisting  the  Signals. — The  signal  is  to  he  kept  flying  until 
dusk,  then  lowered,  and  hoisted  again  next  morning;  and  so  on  until 
the  end  of  forty-eight  hours  from  the  time  the  message  has  been 
issued  from  London  (which  is  always  marked  on  the  telegram),  unless 
orders  are  received  previously  to  lower  the  signal. 

Night  Signals. — At  dusk,  whenever  a  signal  ought  to  be  flying  if 
it  were  daylight,  a  night  signal  may  be  hoisted  in  place  of  the  Gone, 
consisting  of  three  lanterns  hung  on  a  triangular  frame,  point  down- 
ward, or  point  upward,  as  the  case  may  be.  It  is  not  considered 
necessary  to  hoist  lanterns  to  represent  the  Drum.  They  should  be 
kept  burning  until  late  in  the  evening,  say  9  or  10  o'clock. 


Three  lanterns  and  one  yard  4  feet  long  will  be  soj&cient. 

These  signals  may  be  made  with  any  lanterns,  showing  a  white  or 
any  color,  but  alike.  Bed  is  best.  Lamps  are  better  than  candles. 
The  halyards  should  be  good  rope,  and  protected  from  chafing.  The 
lanterns  should  hang,  at  least,  three  feet  apart. 

No  warning  messages  can  be  issued  on  Sundays,  as  the  telegraph 
offices  are  almost  all  closed  after  10  a.m.  on  that  day,  so  that  the 
signal  must  sometimes  be  kept  flying  on  Sundays  longer  than  is  ne- 
cessa'y.  Storms,  first  showing  signs  of  their  approach  on  Sunday, 
will  sometimes  comt,  on  before  Monday,  so  that  the  warning  cannot 
be  issued  in  time  to  bfc  of  service. 

Meaning  of  Signal. — 7*he  hoisting  of  any  of  these  sigfnals  is  in- 
tended as  a  sign  that  there  is  an  atmospherical  disturbance  in  exist- 
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ence  in  the  neighborhood,  which  will  prohMy  cause  a  gale  from  the 
quarter  indicated  by  the  signal  (say,  within  a  distance  of  fifty  miles 
of  the  place  where  the  signal  is  hoisted),  the  knowledge  of  which  is 
likely  to  be  of  use  to  the  sailors  and  fishermen  on  that  part  of  the 
coast.  Its  meaning  is,  simply,  ^^  Look  out !  It  is  probable  that  bad 
weather  of  such  and  such  a  character  is  approachiog  you." 

Hitherto  it  has  been  found  that,  at  least,  three  out  of  five  signals 
of  approaching  storms  (force,  upward  of  eight,  Beaufort  scsde,  a 
**  Fresh  Gale  "),  and  four  out  of  five  signals  of  approaching  strong 
winds  (force,  upward  of  six,  Beaufort  ecale,  a  ''Strong  Breeze"), 
have  been  fully  justified. 

In  every  case  some  of  the  principal  reasons  which  have  led  to  the 
hoisting  of  the  signal  are  exj.lained  in  the  telegram,  which  should 
always  be  kept  posted  up  for  public  inspection  while  the  signal  is 
flying. 

It  must  be  remember*  d  that  only  the  greater  and  more  general 
disturbances  of  the  atmosphere  can  be  made  known  by  this  method. 
Local  changes  of  less  extent  may  be  indicated  to  observers  by  their 
own  instruments  and  by  local  signs  of  weather,  etc. 

The  signal  will  sometimes  be  kept  flying  after  the  gale  is  over ; 
this  is  the  case  because  often  one  gale  is  followed  by  another  before 
the  forty -eight  hours  are  out.  In  every  case,  when  it  is  thought  at 
the  Meteorological  Office  that  immediate  danger  is  over,  orders  are 
issued  to  lower  the  signaL 
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THE  MARINER'S  COMPASS,  ITS  ERRORS  AND  THEIR 

CORRECTION. 

THE  LOa  IJNE  AND  TIME  QUUSSES, 
PATENT  LOGS,  ETC. 

LEADS,  LEAD  LINES,  AND  SOUNDING 

MACHINES. 

THE  QUADRANT  AND  SEXTANT,  ADJUSTMENTS, 

ETC. 

XJQHTS  AND  BEACONS. 

XJQHT  HOUSB  ESTABLISHMENT. 

UQHT  HOUSE  DISTRICTS. 

BUOTAQE   OF   CHANNELS. 

DEPTH  OF  WATER  IN  CHANNELS,  RIVERS  AND 
HARBORS  OF  THE  UNITED  STATES. 
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THE  MARINER'S  COMPASS. 
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A  Table  of  the  Angles 


''^ICH  KVEBT  POIJfT  AND    QUARTEIl    POIXT    OF    THE    COMPASS    MAKES    WITH    THE 

MEBIDIAM. 


Opposite  or  ] 

Back  Bearings. 
Sonth. 

IPC 

>int8. 

Degrees,  &c 

Points. 

Opixwitc  or  Back  Bearing**. 

Xorth- 

0 

O         / 

0      0 

// 
0 

0 

North. 

Sonth. 

0 

)^ 

2    48 

46   0 

H 

»JiK. 

8.  )4  w. 

0 

X 

6    37 

80   0 

X 

H.  jtf  w. 

s.  Xk. 

0 

?i 

8    26 

15   0 

% 

N.b.E. 

S.b.W. 

1 

11  15 

0  1 

N.b.W. 

S.b.E. 

1 

^ 

14      8 

46 

1 

H 

H.b.K.  }i  K. 

B.b.W.  ^  w. 

1 

^ 

16    62 

3D 

1 

X 

H.b.w.  X  w. 

M.b.B.  X  £• 

1 

3i 

19    41 

16 

1 

X 

N.N.E. 

S.S.W. 

2 

d»  30 

0 

» 

N.N.W. 

n.o.lii. 

3 

3i^ 

25    18 

46 

2 

K 

N.N.E.  X  E. 

8,8.W«  ^8  W. 

2 

X 

28      7 

30 

2 

X 

N«N«\T«    y^     W» 

8.B.E.  X  ^* 

2 

% 

80    66 

15 

2 

% 

X.E.b.N. 

S.W.b.S. 

3 

33  4:5 

0 

3 

N.W.b.N. 

S.E.b.S. 

8 

H 

36    33 

45 

3 

X 

If.E.  X  N. 

s.w.  X  s. 

8 

X 

89    22 

SO 

3 

X 

N.W.  X  >'• 

S.E.  X  S- 

8 

% 

42    11 

15 

3 

^C 

N.E. 

S.W. 

4 

45     0 

0 

4 

N.W. 

S*ili> 

4 

H 

47    48 

46 

4 

X 

H.tXE. 

B.W.  )<  W. 

4 

X 

50    87 

30 

4 

X 

N.W.  X  W. 

S.E,  X  "• 

4 

% 

63    26 

15 

4 

X 

K.E.b.E. 

S.W.b.W. 

5 

56   15 

Oj  5 

N.W.b.W. 

S.E.b.E. 

6 

H 

69      3 

45 

6 

X 

».E.b.E.;^  E. 

8.w.b.w.Xw. 

6 

X 

61    62 

80 

5 

X 

N.w.b.w.  X  w. 

S.E.b.E.XB- 

6 

X 

64    41 

15 

5 

X 

K.N.B. 

W.S.W. 

0 

67  30 

0i6 

W.N.W. 

E.S.E. 

6 

K 

70    18 

45i  6 

X 

r..h.n.)4  v. 

W.b.8.  X  B. 

6 

X 

78     7 

30^  6 

X 

w.b.N.  h  N. 

E.b.S.  X^' 

6 

K 

75    66 

15   6 

X 

E.b.N. 

W.b.8. 

7 

78  45 

0  7 

W.b.N. 

E.b.S. 

7 

U. 

81  as 

45    8 

X    ' 

R.  }i  V. 

w.  X  s. 

7 

H 

84    22 

30    8 

X 

W.  X  N.         . 

K.  X  8. 

7 

K 

87  n 

15    8 

X   ; 

I 

EaRt. 

W««t. 

8 

90     0 

o:  8 

1 

1 

West. 

Ea8i. 
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Mariners'  CompajM  of  VariouA  Nations. 


Eiiglish.  .      French. 


Italian. 


Spanish. 


North. 

N.  b  E. 

N.N.E. 
N.E  b  N. 

N.B. 
N.K.bE. 

E.N.E. 

E.  bX. 

East. 

E.  bS. 

E.S.E. 
S.E.  b  E. 

S.E. 
S.E.  bS. 

S.S.B. 

S.  bE. 

South. 
S  bW. 
S.^.W. 


Noni. 

N.  q.  N.  E. 
,      N.N.E. 
N.E.quart  N. 
I        N.E. 
N.E.quart  E. 

E.N.E. 
E.qiiart  N.E. 

E8t. 

E.  quart  S.E. 
I       E.S.E. 
S.E.  quart  E. 

S.E. 
S.E.  (luart  S. 

S.S.E. 
S.  quart  S.E. 


Tramontana       Norte. 
T.  quarto  G.  N.cuartoN.E. 
I        G.T.        I      N.N.E. 
G.  quaitoT.  N.E.cuartoN. 
!      Greco.  N.B. 

G.  quarto  L.  N.E.cuartoE. 

G.L.  E.N.E. 

L.  quarto  G.  E.cuartoN.E. 

I  I 

'    Tjcvar.to.     \        Este. 
L.  quarto  S.  E.  cuarto  S.E. 
I         S.Ii.  E.S.E. 

S,  (juurto  L.  S.E.  cuarto  E. 

Scirocco.  S.E. 

8.  quarto  O.  S.E.  cuarto  S. 

O.S.         !       S.S.E. 
O.  quarto  S.  S.  cuarto  S.E. 


German. 


Sud.  Ontro. 

S.  quart  S.O,  O.  quarto  L. 
S.S.O.        I         O.L. 
S.W.  b  S.  SO.  quart  S.  L.  quarto  O. 


S.W. 

S.W.bW. 

W.S.W. 

W.  bS. 

West. 

W.  bN. 

W.N.W. 

N.W.bW. 

N.W. 
N.W.bN. 

N.N.W. 
N.  b  \V. 


S.O.  I    Libcccio. 

S.O.  <iuart  O.  L.  quarto  P. 

O.S.O.  P.L. 

O.  quart  8.0.  P.  quarto  L. 


Sur. 
S.  cuarto  S.O.  i 
S.S.O.        I 
S  O.  cuarto  S, 

S.O. 
S.O.cuarto  O 

O.S.O. 
O.cuarto  S.O.!  W.  zu  S. 


Nord. 

N.  raiO. 

N.N.O. 

N.O.  8uN. 

N.O. 

N.O.  zn  O. 

O.N.O. 

O.  zn  N. 

Oet^ 

O.  zu  S. 

0.8.0. 

S.O.  zu  O. 

S.O. 

S.O.  zu  S. 

S.S.O. 

S.  zu  0. 

Sud. 

S.  zu  W. 
1     S.S.W. 
S.W.  zu  S. 
I      S.W. 
S.W.zuW. 

W^.  S.W^, 


Dutch. 


Noord. 

N.  ienO. 

N.N.O. 

N.O.  ten  N. 

N.O. 

N.O.  ten  O. 

O.N.O. 

O.  tenN. 

Cost. 

O.  ten  Z. 

O.Z.O. 

Z.0.  ten  O. 

Z.O. 
Z.O.  ten  Z. 

Z.Z.O. 
Z.  ten  O. 

Zuid. 

Z.  ten  W. 

Z.Z.W. 


Swedish, 
Norwe- 
gian, 
Banish. 


Nord. 

N.  tilO. 

N.N.O. 
N.O.tilN. 

N.O. 
N.O.tilO. 

O.N.O. 

O.taN. 

Ost 

O.  tilS. 

O.8.O. 

S.O.  tilO: 

S.O. 

S.O.  tilS. 

8.8.0. 

S.  Ul  O. 

Syd. 
8.  til  V. 

8.S.V. 


Z.W.  tenZ.  S.V.tllS. 


Ouest.  Ponentc.     >        Oeste.  West. 

O.quart  N.O.  P.  qunrto  M.  O.cuarto  N.O.    W.  zu  N. 

O.N.O.       I        P.M.        '      O.N.O.       !   W.N.W. 
N. O.quart  O.  M.  quarto  P.  N.O.cuartoO.  N.W.zu  W. 

N.O.         ■    Maestro.     '        N.O.  i      N.W, 

N.O.quart  N.  M.  quartoT.N.O.cuartoN.  N.W.zu  W.IN.W.  tenN.  N.V.tilN. 


Z.W. 

Z.W.ten  W. 

w.z.  w. 

W.  tenZ. 

West. 

W.  ten  N. 

W.N.W. 

N.W.  ten  W. 

N.W. 


S.V. 

S.V.til  V. 

V.S.V. 

V.  tua 

Vert. 

V.  til  N. 

V.N.V. 

N.V.tilV. 

N.V. 


N.N.O.  M.T.  N.N.O. 

N.qnart  N.O.  T.  quarto M.  N.cuarto N.O. 


N.N.W.        N.N.W.        N.N.V. 
N.  zu  W.     N.  ten  W.     N.  til  V. 

In  the  French  Compass  the  abbreviation  is  q  as  N.  q  N.E.  or  N.  ^  N.E. 

q  as  T.  q  G.  i  r  T.  i^  G. 
c  as  N.  c  N.E.  or  N.  )^  N.E. 
z  as  N.  z  O.  ^ 


^k 


Italian 

Spanish 

German 

Dutch 

Swedish 

Norwcfifian 

Danish 


(t 


( 


it 


it 


t  as  N.  t  O. 
t  as  N.  t  0. 


equivalent  to  the 
English  by. 


THB  HARINBB'S   COMPASS. 


THE  HARIHBB'S  COMPASS. 


Tea  msnnei'a  compam  oonBiiitie  of  tliree  principal  porta — the  ciurd, 
die  needle  attached  to  it,  and  the  bowl  or  cose. 

The  whole  ia  enclose^  in  a  compass  bri  or  bimtacle.  The  surface 
it  the  card  is  divided  into  thirty-two  |  arta,  each  coataiiuug  1 1  °  15' — 
Cbesa  congtitatc  the  poinU  of  tbe  compaBa  ;  the  hnlf  pointa  and 
qnartera  ate  Bubdivisiona  of  tbe  same. 

The  north  pole  is  denoted  on  the  card  by  a  flenr-de-lia  \  and  the 
line  which  joiue  the  north  and  south  poles  posses  through  the  axis  ot 
(he  needle. 

The  card  ia  directed  by  tbe  needle,  which,  with  it,  ia  pivoted  on  a 
vertical  siis,  and  is  nsaally  Enapended  on  a  centtnl  jewelled  cop,  the 
point  of  snapension  being  ol  a  similar  harj  material.     On  tiie  imide 


72  THE  MARINER* S  COMPASS.  Sec.  II. 


of  the  compass  bowl  is  a  verbioal  line  known  as  lubber's  pointy  and 
this  and  the  pivot  of  the  card  are  in  the  same  plane  as  the  yessePs 
keel.  The  compass  is  kept  horizontal  by  the  nse  of  gimbals^  which 
consist  of  a  riii^  moving  freely  on  an  axis,  within  which  it  swings  on 
an  axis  at  right  angles. 

Boxing  tlie  Compass  is  the  enumeration  by  name  of  the  thirty-two 
points  which  are  marked  upon  the  compass  card. 

Steering  Oompass.^When  the  compass  cord,  with  needles  at- 
tached, rests  on  the  pivot  in  the  bowl  with  the  lubber's  point  directed 
toward  the  ship's  head,  and  in  the  midship  line,  the  instrument  for 
steering  purposes  is  complete.  The  point  of  the  compass  close  by 
the  lubber's  point  is  said  to  be  the  direction  of  the  ship's  /lead  by  com- 
pass^ or  her  coarse  by  compass. 

Azimuth  Compass. — This  is  an  instrument  similar  to  the  steering 
compass,  but  of  superior  make  ;  the  card  is  also  divided  into  degrees, 
and  the  case  is  fitted  with  a  movable  ring,  to  which  are  attached 
(exactly  opposite  to  each  other,  and  in  a  line  with  the  centre  of  the 
compass  card,)  two  sight  vanes  that  can  be  turned  down  when  not 
in  use. 

Variation  and  Deviation. — The  chief  conditions  that  affect  th-j 
use  of  the  mariner's  compass  are  those  of  the  magnetic  declination, 
or  variation^  and  the  deviatioii. 

The  variation  is  the  angle  contained  between  the  true  and  the  mag- 
netic meridian ;  tliis  angle  varies  according  to  locality,  and  there 
are  annual  and  diurnal  variations  of  small  amount. 

The  deviation  of  the  compass  is  the  departure  of  the  north  and 
south  line  from  the  magnetic  meridian,  owing. to  the  magnetism  of 
the  ship  itself,  or  that  induced  in  it  by  the  earth's  magnetic  force. 

Two  methods  are  employed  to  eliminate  this  error  in  practice : 
the  first  is  by  ascertaining  the  actual  deviation  in  every  position  of 
the  ship  with  regard  to  the  magnetic  meridian,  and  working  by  a 
table  of  errors  ;  the  other  is  by  introducing  on  board  ship  masses  of 
iron  and  magnets,  to  neutralize  exactly  the  action  of  the  ship's 
magnetism. 

Both  methods,  the  compensation  and  the  tabular,  have  their  advo- 
cates.    In  the  United  States  Navy  uncompensated  compasses  are  in 
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general  use.     The  majority  of  merchant  vessels  use  compensated 
Qom  passes. 

In  some  iron  vessels,  where  the  deviation  on  particular  courses  is 
very  large,  a  combination  of  the  two  methods  is  used,  the  errors 
being  partially  compensated  by  magnets  and  the  residual  error  being 
found  by  observation  and  tabulated. 

The  Standard  Compass. 

This  instrument  is  so  constructed  as  to  answer  the  purpose  of  a 
steering  compass  and  an  azimuth  compass.  It  should  be  placed  as 
far  as  possible  from  any  considerable  mass  of  iron,  and  should  not 
be  within  ten  feet  of  the  extremity  of  any  elongated  piece  of  iron, 
cfipecUiUy  if  vertical,  such  as  the  spindle  of  the  capstan,  iron  masts, 
stanchions,  davits,  funnels,  transverse  iron  bulkheads,  etc.,  and  not 
less  than  five  feet  above  the  deck.  When  of  necessity  the  compass 
is  placed  well  aft,  in  an  iron  ship,  it  should  net  be  within  half  the 
width  of  the  ship  from  the  stem-post. 

No  stand  of  arms,  or  iron  subject  to  occasional  removal,  f«hould  be 
placed  within  at  least  fourteen  feet  of  the  standard  compass,  whether 
on  the  same  deck,  or  below  it. 

When  the  ship  is  ready  for  the  sea,  and  with  davits  and  other  iron 
work  secured  in  t/ie  positions  in  tchich  it  is  intended  they  shall  remain 
(ft  sea,  then  the  deviation  of  the  compass  from  the  magnetic  meridian 
should  be  ascertained  by  one  of  the  following  methods : — 

Process  by  Bearing  of  a  Distant  Object. 

The  ship  is  to  be  gradually  swung  round,  so  as  to  bring  her  head 
successively  upon  each  of  the  thirty- two  points  of  the  compass;  and 
as  her  head  approaches  each  of  these  points,  so  gently  to  check  her 
motion  as  to  prevent  any  continued  swing  of  the  card.  When  ihe 
fehip  is  quite  steady,  and  her  head  exactly  on  any  one  point,  tho  di- 
rect bearing  of  some  distant  but  well  defined  object  is  to  be  observed 
with  the  standard  compass  and  registered. 

The  ship's  head  is  then  to  be  warped  round  in  the  same  manner  to 
the  next  point,  and  when  duly  stopped  and  steadied  there,  the  bear- 
ing of  the  same  object  is  again  taken,  and  again  recorded;  and  so 
on,  point  after  point,  till  the  exact  bearing  of  the  object  has  been  as 
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certained  with  the  ship^s  head  on  every  Beparate  point  of  the  oom- 
pass. 

The  object  selected  for  that  purpose  should  be  at  such  a  distance 
from  the  ship,  that  the  diameter  of  the  space  through  which  ^e' 
revolves  shall  make  no  sensible  difference  in  its  real  bearing.     If  she 
be  at  anchor  in  a  tideway,  a  steeple  or  a  large  tree,  at  not  leas  than 
from  seven  to  eight  miles  distance,  will  well  answer  the  purpose. 

The  next  step  is  to  determine  the  real  or  correct  magnetic  bearing 
of  the  selected  object  from  th3  ship ;  or,  in  other  words,  the  com- 
pass bearing  which  it  would  have  from  on  board,  if  the  compass 
were  not  disturbed  by  the  attraction  of  the  iron  in  the  ship. 

This  may  be  effected  by  taking  the  mean  of  all  the  observed  bear- 
ings, if  observed  on  equidistant  points ;  but  perhaps  the  better  way 
is  to  carry  the  compass  to  some  place  on  the  adjacent  wharf  or  shore, 
from  whence  the  parb  of  the  ship  where  the  compass  stood,  and  the 
distant  object,  shall  both  be  exactly  in  one  line  with  the  observer's 
eye.  The  bearing  of  the  object  from  that  point  will  evidently  be 
the  same  as  its  correct  magnetic  bearing  from  the  ship  by  that  com- 
pass. The  difference  between  this  correct  magnetic  bearing  of  the 
object,  and  the  bearing  observed  with  the  standard  compass  on 
board,  when  the  ship's  head  is  on  any  particular  point,  will  show  the 
error  caused  by  the  ship's  iron  on  that  point,  or,  in  other  words,  the 
deolatlon  of  the  standard  compass,  according  to  the  direction  in 
which  the  ship's  head  was  placed. 

Process  by  Reciprocal  Bearings. 

Should  there  be  no  suitable  object  visible  from  the  ship,  and  at 
the  requisite  distance,  the  deviations  must  be  ascertained  by  the 
process  of  Reciprocal  Bearings.  A  careful  observer  must  go  on 
shore  with  a  second  compass,  and  place  its  tripod  in  some  open  spot, 
where  it  may  be  distinctly  seen  from  tho  standard  compass  on  board. 
Then  by  means  of  signals,  the  mutual  bearings  of  those  two  com- , 
passes  from  each  other  are  to  be  observed  at  the  moment  when  the ' 
ship's  head  is  steady  on  each  of  the  thirty- two  points  successiyely, 
as  before  directed. 

To  insure  the  success  of  this  operation,  the  compass  on  shore 
should  not  be  more  distant  from  the  ship  than  is  consistent  with  the 
most  distinct  visibility  with  the  naked  eye  of  both  compasses  from 
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each  other.  The  obsen^ationB  should  be  made  simultaneoaaly.  And 
to  guard  against  any  mistake,  such  as  might  be  occasioned  by  a  sig- 
nal being  misinterpreted,  the  time  at  which  each  bearing  is  taken 
should  be  noted,  both  on  shore  and  on  board,  by  compared  watches. 

Before  this  practice  is  complete,  the  standard  compass  should  be 
carried  on  shore,  in  order  to  be  compared  with  the  compass  which 
has  been  employed  there,  by  means  of  the  bearing  of  some  distant 
object ;  and  the  difference,  if  any,  is  to  be  recorded.  This  compari- 
son of  the  two  compasses  may  well  be  made  previously  to  the  obser- 
vations ;  and  in  all  cases  when  compasses  are  compared,  the  caps, 
pivots,  etc. ,  should  be  first  carefully  examined. 

During  either  of  the  processes  for  ascertaining  the  deviations  of 
the  standard  compass,  when  the  ship's  head  pauses  at  each  point,  it 
is  desirable  to  note,  in  a  separate  table,  the  corresponding  directions 
of  her  head  by  the  binnacle  compasses. 

In  steam  vessels  fitted  with  telescopic  funnels,  and  when  the 
standard  compass  is  placed  near  to  the  steam-  machinery,  the  devia- 
tion is  materially  altered  by  the  elongated  or  compressed  state  of 
the  funnel.  In  swinging  vessels  therefore,  so  fitted,  and  when  the 
funnel  is  within  thirty  pr  forty  feet  of  the  compass,  it  is  necessary 
that,  on  the  eight  principal  points  of  the  compass  at  least,  the  devi- 
ations should  be  ascertained  in  both  conditions  of  the  funnel. 

Process  by  Azimuths  and  Amplitudes  of  the  Sun  or  other  Heav- 
enly Bodies. 

By  this  process,  during  the  course  of  a  voyage,  especially  near 
sunset  or  sunrise,  and  with  a  tranquil  sea,  a  deviation  table  can  be 
formed  by  steaming  or  sailing  round  a  circle  in  the  course  of  half  an 
hour.  The  ship  should  be  kept  upright  in  order  to  avoid  heeling 
error. 

The  comparison  of  the  true  azimuth  with  the  bearing  by  compass 
gives  the  combined  error  of  variation  and  deviation,  which  is  the 
correction  to  be  applied  to  courses  steered  on  the  same  line  of  equal 
variation,  with  the  ship's  head  in  the  same  direction  as  when  the 
azimuth  was  taken,  and  the  variation  enables  the  mariner  to  sepa- 
rate the  two. 

The  best  method  of  determining  the  difference  between  the  true 
and  compass  bearings  is  by  time  azimuths;  it  requires  but  one  ob* 
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server,  and  is  always  available  whether  the  ship  is  in  port  or  at  sea, 
when  the  altitude  cannot  be  observed  on  aocount  of  the  horizon  not 
beinjj  visible.  Witli  the  aid  of  Burdwood's  or  Davis'  tables  the  sun's 
ttue  beariii<^  can  be  obtained  by  inspection,  if  the  apparent  time  at 
the  ship,  tlic  latitude,  and  declination  be  known.  The  difference 
between  the  sun's  true  bearing  and  the  sun's  conipaaa  bearing,  as  ob- 
served with  the  ship's  head  on  any  particular  point  of  the  compass, 
is  the  amount  of  tho  deviation  on  that  point,  combined  with  the  va- 
riation of  the  compass  due  to  the  geographical  position.  By  deduct- 
ing the  latter  from  the  difference  of  bearings  observed,  the  deviation 
is  obtained. 

It  must  be  rome.iibered  that  the  corrections  found  for  the  standard 
cjmpass  belong  to  that  compass  alone,  and  to  that  compass  only 
while  it  is  in  ity  proi)C'r  place  ;  and  that  those  corrections  will  fur- 
nish no  guitl(i  whatever  to  the  effects  of  the  ship's  iron  on  a  compass 
placed  in  any  other  part;  of  the  ship.  It  is  essential,  therefore,  that 
the  ship's  course  should  not  only  bo  invariably  directed  by  the  stand- 
ard compass,  but  that  all  the  courses  and  brarings  inserted  in  the 
lo^  should  be  those  shown  I'y  that  compass  alone ;  the  binnacle  com- 
pass being  regarded  solely  as  a  guide  to  the  helmsman. 

When  the  ship  has  been  i)laced  on  her  proper  course  by  the  stand- 
ard conpass,  t!ie  helmsman  will  notice  the  point  shown  by  the  bin- 
nacle compass  as  being-  that  to  which  he  has  to  attend  ;  and  a  com- 
parison of  the  two  compasses  should  be  frequently  repeated  by  the 
officer  of  the  watch  or  the  quartermaster,  and  should  always  bo 
made  when  any  alteration  occurs  in  the  course,  or  when  the  ship 
heels  over.  When  the  ship  is  by  the  wind,  the  apparent^  course  by 
the  standard  compass  is  that  which  must  be  inserted  in  the  log. 

Wooden  and  Composite-built  Ships. 

In  wooden  sailing  ships  the  points  of  maximum  deviation  of  the 
compass  are  at  east  and  west ;  their  deviation,  which  is  small,  arises 
from  induced  magnetism  in  vertical  iron,  the  effects  of  which  vary 
as  the  tangent  of  the  dip  of  the  needle.  In  the  northern  hemi- 
sphere the  deviation  is  easterly  on  easterly  courses,  and  westerly  on 
westerly  courses.  In  the  southern  hemisphere  the  reverse  is  the 
case. 

In  wooden  steamffhips,  where  t\\e  machinery  and  boilers  are  before 
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the  compass,  the  deviation  in  the  northern  hemisphere  is  of  the  same 
character  as  that  of  wooden  sailing  vessels  in  that  hemisphere;  but 
the  changes  that  occur  in  the  deviation  of  the  former  are  not  the 
same  as  in  that  of  the  latter.  In  the  southern  hemisphere  tlie  devi- 
ation of  wooden  steamships  is  of  the  same  character  as  in  the  north- 
em  hemisphere,  but  much  reduced  in  amount.  This  is  owing  to  the 
permanent  attraction  exerted  by  the  machinery.  Composite  ships 
follow  the  same  laws  in  the  deviations  of  their  compasses  as  do  iron 
ships. 

Heeling  Error. 

Experience  has  shown  that  the  deviations  in  iron  and  composite 
vessels  are  affected  by  the  heeling  of  tlie  ship,  the  magnitude  of 
the  error  so  resulting  being  proportional  to  the  amount  of  heel. 
The  maximum  disturbance  when  heeling  occurs  when  the  ship's  head 
is  north  or  8(miJi,  by  the  compass,  the  disturbance  vanishing  when 
the  ship's  head  is  east  or  west. 

It  is  therefore  necessary  to  ascertain  by  repeated  observations  at 
sea  the  degrees  of  error  arising  from  the  various  conditions  of  heel- 
ing both  to  starboard  and  to  port. 

The  heeling  error  is  caused  :  1,  by  the  vertical  force  of  the  ship's 
magnetism  which  was  acquired  while  building ;  2,  by  vertical  induc- 
tion in  vertical  soft  iron;  and,  3,  by  vertical  induction  in  the  beams 
which  are  also  soft  iron.  As  a  general  rule  in  ships  built  in  Eng- 
land, the  north  end  of  the  needle,  when  the  ship  heels,  is  drawn  to 
windward  or  to  the  high  side  of  the  ship,  and  the  heeling  error  is  there- 
fore said  to  be  to  windward;  but  in  some  ships,  notably  those  built 
with  their  heads  to  the  southward,  the  heeling  error  is  to  leeward. 
Ships  having  a  heeling  error  to  windward  will,  on  northerly  courses, 
be  to  windward  of  their  reckoning,  and  on  southerly  courses,  to  lee- 
ward. With  those  having  a  leeward  heeling  error,  the  reverse  is  the 
case.  On  proceeding  to  south  Intitudes,  those  vessels  which  have 
a  windward  heeling  error  in  north  latitudes  will  have  ihe  error 
much  diminished  and  possibly  reversed  ;  whereas  those  which  liave 
a  leeward  heeling  error  in  north  latitudes  will  have  it  much  increased 
in  south  latitudes. 

Many  valuable  ships  have  been  lost  through  unknown  or  unal- 
lowed for  heeling  errors. 
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The  Mechanical  Correction  of  the  Deviation  of  the  Oompass. 

The  Deviation  of  the  Compass  is  composed  of  three  parts,  viz. : 
the  Semicircular  Deviation,  the  QiMdrantai  Deviation,  and  the 
Heeling  error. 

The  Semicircular  Deviation  is  due  chiefly  to  the  permanent  mag*- 
netism  acquired  by  the  ship  while  building :  the  ship  is  a  magnet, 
the  direction  of  the  magnetism  of  which  may  be  inferred  from  the 
direction  in  which  the  ship^s  head  was  while  building.  The  direc- 
tion of  the  ship^s  magnetic  force  coincides  nearly  with  the  line  drawn 
on  deck  in  a  magnetic  north  and  south  direction,  and  the  points  of 
maximum  semicircular  deviation  are  at  right  angles  to  the  direction 
of  the  ship's  head  in  building ;  thus,  in  a  ship  built  with  her  head 
north,  the  points  of  maximum  semicircular  deviation  are  at  east 
and  west,  and  there  will  be  no  such  deviation  at  north  and  south.  ' 

tn  the  majority  of  cases,  the  ship's  magnetic  force  acts  in  a  direc- 
tion diagonal  to  the  fore  and  aft  Ihie  of  the  ship,  and  therefore  it  is 
convenient  to  consider  the  ship's  force,  causing  the  semicircular 
deviation,  as  made  up  of  two  components,  one  acting  in  a  fore-and- 
aft  direction  and  producing  a  deviation  named  B,  the  other  acting 
in  an  athwartshlp  direction  and  producing  a  deviation  named  0, 
which  combined  constitute  the  semicircular  deviation. 

To  destroy  the  effect  of  a  magnetic  disturbing  force  we  most  in- 
troduce another  disturbing  agent,  whose  force  follows  the  same  laws 
and  has  the  same  magnitude,  but  which  acts  in  the  opposite  direc- 
tion. If,  therefore,  in  the  semicircular  deviation  B  and  C  are  known, 
the  direction  in  which  the  counteracting  forces  should  be  introduced 
can  ba  determined,  and  the  deviation  be  corrected. 

By  a  Single  Magnet. 

This  method  is  very  convenient  for  standard  compasses,  which, 
occupying  favorable  positions,  are  subject  only  to  small  changes  of 
deviation. 

The  following  process  is  required  :  Place  the  ship's  head  EaM  by 

compass  and  observe  the  deviation ;  this  deviation  is  approximately 

the  value  of  B,  marked  +  if  the  deviation  is  easterly,  and  —  if  west- 

^j-Jr/  then  place  the  ship^a  head  NoTt\  and  the  deviation  on  that 
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point  is  the  approximate  value  of  0,  marked  +  if  the  deviation  he 
easterly,  and  —  if  westerly.  Enter  the  traverse  tahle  with  B  as  diff. 
lat.  and  G  as  departure,  and  take  out  the  course  and  distance.  The 
course  indicates  the  inclination  to  the  fore-and-aft  line  at  which  the 
correcting  magnet  must  he  placed,  and  the  distance  the  amount  of 
semicircular  deviation  to  be  corrected.  The  position  the  correcting 
magnet  should  occupy  may  be  foand  by  taking  a  oompasr  on  ^hore 
and  placing  the  magnet  in  an  east  and  west  direction,  with  its  centre 
due  north  and  south  from  the  compass,  and  moving  the  magnet  to 
or  from  the  compass  until  it  produces  a  deflection  equal  to  the  semi- 
circular deviation  which  is  to  be  csorrected.  At  the  distance  thus 
determined,  the  magnet  shooid  be  placed  with  its  centre  directly 
below  the  ceDtre  of  the  oottrpass-card,  parallel  to  the  plane  of  the 
deck,  and  with  its  edge  upward. 

The  magnet,  howerer,  should  not  be  nearer  to  the  centre  of  the 
card  than  twice  the  leng^  of  the  needle.  If  necessary  a  stronger 
magnet  should  be  used. 

If  the  semi-circular  deviation  consist  of 
-h  B  and  4-  C,  the  north  end  of  the  magnet  should  point  on  the  Star- 
board bow. 
+  B  and  —  0,  the  north  end  of  the  magnet  should  point  on  the  Port 
bow. 

—  B  and  +  G,  the  north  end  of  the  magnet  should  point  on  the  Star- 

board quarter. 

—  B  and  —  G,  the  north  end  of  the  magnet  should  point  on  the  Port 

quarter. 

Example; — The  deviation  of  the  compass  on  board  the  Hoyal 
Oak,  head  East,  is  10°  westerly  ;  head  North,  9°  easterly.  Entering 
the  traverse  table  with  —  B  10  as  diff.  lat.  and  +  G  9  as  departure, 
the  coarse  found  is  42°,  iand  the  distance  13^. 

The  north  end  of  the  magnet  should  therefore  point  on  the  star- 
board quarter,  at  an  angle  of  42'  with  the  fore-and-aft  line.  With  a 
ten-inch  magnet  the  distance  will  be  about  one  foot  ten  inches  below 
the  card. 

For  the  general  purposes  of  compass  correction,  the  values  of  B 
and  C  as  determined  from  the  deviations  on  two  adjacent  cardi- 
nal points  is  sufficiently  correct ;  but  if  desired  the  value  ot  1&  <^^ti\^ 
more  accurately  determined  by  taking  the  mean  oi  t\iQ  ^e^VaXAOii^  «i^ 
east  and  west,  the  latter  deviation  with  the  sign  c\iaage^  *,  «cA  o^  Ci .» 
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by  taking  the  mean  of  the  deviationB  at  north  and  south,  the  latter 
with  the  sign  changed. 

Care  should  be  taken  that  the  ship  be  on  an  even  keel  while  the 
compasses  are  being  corrected. 

By  Two  Magnets. 

This  operation  requires  no  calculation,  and  is  the  one  generally 
adopted  in  the  mercantile  marine.  Place  the  ship's  head  East  or 
West,  correct  mngnetic ;  then  place  a  magnet  in  a  fore-and-aft  direc- 
tion, with  the  middle  of  its  length  in  the  vertical  plane  passing 
athwartship  through  the  centre  of  the  compass-card ;  alter  the  dis- 
tance of  the  magnet  until  the  compass  points  correctly :  that  part 
of  the  seuiicirciilar  deviation  called  B  is  thus  corrected.  Simi- 
larly, with  the  ship's  head  North  or  South,  correct  magnetic,  place  a 
magnet  athwartships  parallel  to  the  deck,  with  the  middle  of  its 
length  in  the  vertical  piano  passing  fore  and  aft  through  the  centre 
of  the  compass;  move  the  magnet  nearer  or  further  ofiE  until  the 
compass  points  correctly,  that  part  of  the  semicircular  deviation 
called  C  is  thus  corrected. 

The  B,  or  fore-and-aft  magnet,  may  be  placed  either  on  the  star- 
board or  port  side  of  the  compa-s,  aud  the  0  magnet  either  on  the 
fore  or  alter  side  of  the  compass  ;  but  neither  magnet  should  be  in 
the  same  horizontal  plane  as  the  card,  nor  within  twice  the  length 
of  the  compass -needle  from  the  centre  of  the  compass-card.  The 
magnets  may  be  secured  to  the  sides  of  the  binnacle  or  to  the  deck, 
if  necessary,  but  precautions  are  requisite  that  they  be.  not  reyeised 
at  any  time. 

It  is  well  to  bear  in  mind  that  a  rapid  change  takes  place  in  the 
magnetism  of  ships  newly  launched,  a?id  the  magnets  in  such  cases 
will  require  readjusting.  Also  in  compasses  unfavorably  placed  the 
magnets  will  require  readjusting  on  a  considerable  change  of  geo- 
graphical position. 

The  semicircular  deviation  of  the  compass  in  an  iron  ship  alters 
when  the  vessel  has  lain  a  long  time  on  the  same  course,  or  has  been 
a  long  time  alongside  a  wharf,  or  in  a  dock,  with  her  head  in  one 
direction. 

TiiE  QUADRANTAL  DEVIATION  of  the  compass  is  due  solely  to 
tlie  soft  iron  of  the  ship.      The  earth's  maguetic  force  indtices  in  the 


Sec.  II.  THE  MARINER'S  COMPASS.  81 


soft  iron  a  magnetic  force,  which  produces  the  greatest  effect  when 
the  ship  is  on  the  quadrantal  points,  viz.:  N.K,  S.E.,  S.W.,  and 
N.W. ,  and  no  effect  when  she  is  on  the  cardinal  points.  Such  de- 
viation is  caused  chiefly  by  the  iron  beams  of  the  ship,  and  generally 
it  is  easterly  when  the  ship's  head  points  in  the  N.E.  and  S.W.  qund- 
rants,  and  westerly  when  it  points  in  the  N.W.  and  S.E.  quadrants  ; 
Hi  amount  does  not,  except  in  some  iron-clad  ships,  usually  exceed 
6\  Quadrantal  deviation  does  not  change  e  ther  with  lapse  of  time 
or  change  of  geographical  position.  To  find  the  amount  of  the  quad- 
rantal deviation,  take  half  the  algebraic  sum  of  the  deviations  on 
the  N.E.  and  S.W.  points  ;  thus,  in  the  English  iron-clad  ship  Ai  hilh  s 
the  deviation  at  N.E.  is  24"  10'  East,  or  -f ,  the  deviation  at  S.W.  is 
10'  30'  W.  or  -  ;  half  the  algebraic  sum  of  these  two  is  -f  6"  50'. 
To  find  the  quadrantal  deviation  from  the  deviations  on  the  N.W. 
and  S.E.  points,  the  signs  of  both  quantities  must  be  changed; 
thus,  in  the  Achilles  the  deviation  at  N.W.  is  19°  30'  W.  (or  — ),  at 
S.E.  G**  E.  (or  +) ;  half  the  algebraic  sura  of  +  19°  30'  and  -  6°  is 
-h  6*=  45'.  A  mean  of  +  6°  50'  and  +  G°  45'  is  6°  48',  which  is  a 
more  accurate  value  of  the  quadrantal  deviation. 

As  this  deviation  is  caused  by  soft  iron,  we  must  use  soft  iron  to 
correct  it,  and  this  is  not  easy  in  practice,  owing  to  the  difficulty  of 
getting  iron  magnetically  *'  soft,"  or  free  from  permanent  mcgnetism, 
and  also  from  the  close  proximity  to  the  compass  which  the  correct- 
ors must  occupy.  On  this  account,  as  well  as  from  the  fact  that 
the  quadrantal  deviation  is  unvarying  and  generally  of  moderate 
amount,  its  mechanical  correction  is  not  always  made.  For  the 
correction  of  large  quadrantal  deviations  cast-iron  cylinders  from 
nine  to  twelve  inches  long  are  placed  on  a  level  with  the  compass- 
needle  ;  for  smaller  amounts,  boxes  containing  small  iron  chain  or 
pieces  of  annealed  wir^  are  used,  one  on  each  side  of  the  compass. 

The  Heeling  Error  is  mechanically  corrected  by  a  magnet  placed 
in  a  vertical  position  under  the  centre  of  the  compass-card  at  such  a 
'distance  as  shall  be  found  suitable.  This  distance  may  be  found  by 
heeling  the  ship  about  10°,  with  her  head  in  the  direction  which  was 
north  by  compass  when  she  was  upright ;  then  place  the  magnet 
accurately  in  position  perpendicular  to  the  deck.  With  windward 
heeling  error  the  north  end  of  the  magnet  should  be  uppermost^  '^vtlcL 
leewaTCl  error  the  south  end.  Raise  or  lower  the  magu^^i  un^hX.  X^^ 
compass  points  correctly. 

a 
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This  correction  is  perfect  only  while  the  ship  remains  in  the  same 
magnetic  latitudes  ;  and  a  ship  corrected  for  heeling  error  in  north 
latitude  must  have  the  magnet  readjusted  when  she  dbiang^s  to  south 
latitude. 

As  the  mechanical  correction  does  not  remove  the  whole  of  the 
deviation  of  the  compass,  the  ship  should  be  swung  after  the  magnets 
Jiave  been  fixed  in  t/ieir  places,  to  ascertain  the  remaining  deviation. 


To  Correct  the  Compass  for  Deviation. 

Rule. — To  correct  a  compass  course  steered,  take  tfie  deviation  on 
that  point — then — 

Deviation  westerly,  allow  it  to  the  left  to  get  correct  magnetic 
course. 

Deviation  easterly,  allow  it  to  the  right  to  get  correct  magnetic 
course. 

Express  the  course  in  de  ^eea,  when  applying  the  deviation. 

Example. — Compass  course  being  S.B.,  e.d.,  S.  45*  E.,  with  devia- 
tion 22'  W.,  gives  the  correct  magnetic  course  S.  07"  E. 

Example. — Compass  course  being  west,  with  deviation  18*  E.,  gives 
correct  magnetic  N.  72''  W. 

Example. — Compass  course  being  E.N. E.,  with  deviation  11*  W., 
gives  correct  magnetic  N.  56^°  E. 

Example. — Compass  course  being  N.  by  W.  ^  W.,  with  deviation 
8i*  K  (half  sum  of  1\  and  9i),  gives  correct  magnetic  N.  8i*  W. 

Compass  Bearings  (with  deviation)  require  to  be  corrected,  not 
for  the  deoi  ftion  on  the  beanng^  but  for  the  deviation  on  the  direc- 
tion ot  the  ship's  head  (or  course) :  thus : — Object's  bearing  (by  com- 
pass^  S.W.,  with  ship's  head  N.W.,  the  deviation  on  N.W.  (by  card 
below)  being  12"  E.,  the  correct  magnetic  bearing  wi'l  be  S.  57° 
W. 
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Deviation  Card  of  the  Standard  Compass — Ship  "Navigation.'* 


1 

2 

3 

1 

2 

3 

Ship's  Head 
(course) 

by  Standard 
Compass. 

Deviation. 

Correct  Mag- 
netic Course 
made  good. 

Ship's  Head 

(conrae) 

by  Standard 

Compass. 

Deviation. 

Correct  Mag- 
netic Conrae 
made  good. 

N. 

o 

6     E, 

N.    6     B. 

S. 

e     W. 

8.    8     B. 

N.  by  B. 

4KB. 

N.  15>^  E. 

8.  by  W. 

oxw. 

B.  lOK  W. 

N.N.B.   - 

2     E. 

N.  24X  E. 

S.S.W. 

4)4 -E. 

S.  27     W. 

N.E.  by  N. 

oxw. 

N.  SSk  E. 

S.W.  by  8. 

9XE. 

8.  43K  W. 

N.E, 

3>i  W. 

N.  41X  B. 

S.W. 

ISH  B. 

8.  58X  W. 

N.B.  by  B. 

7     W. 

N.  49)^  E. 

S.W.  byW. 

16KB. 

8.  72X  W. 

E.N.E. 

11      W. 

N.  56>^E. 

W.S.W. 

17XB. 

8.86     W. 

E.  by  N. 

UMW. 

N.  64X  B. 

W.  by  8. 

18KE. 

N.  82K  W. 

B. 

18     \V, 

N.  72     E. 

W. 

18     K 

N.  72     W. 

E.  by  S. 

90%  W. 

N.  8UX  B. 

W.  by  N. 

17     B. 

N.  61X  W. 

E.S.B. 

^k  w. 

s.8axE. 

W.N.W. 

15XB. 

N.  52     W. 

S.B-  by  E. 

23     W. 

8. 79K  E. 

N.W.  by  W. 

13KE. 

N.  42K  W. 

S.E. 

22     W. 

S.  67     F. 

N.W. 

12     B. 

N.  83     W. 

S.E.  by  S. 

19)^  W. 

8.  mx  E. 

N.W.  by  N. 

lOXB. 

N.  28X  W. 

S.S.E. 

158^  W. 

8.  38K  E. 

N.N.W. 

9KE. 

N.  13K  W. 

S.  by  E. 

113^  W. 

S.22>iE. 

N.  by  W. 

7XE. 

N.    3K  W. 

When  oorrecting  for  deviation  and  variation,  Beparately,  apply  the 
deviation  first,  and  then  the  variation. 

RuiiE. — To  set  a  Correct  Magnetic  Course  by  the  Demation  TaMe  : 
Deviation  westerly^  allow  it  to  the  right  of  the  compass  course. 
Deviation  easterly,  allow  it  to  the  left  of  the  compass  course. 

To  Correct  the  Compass  for  Variation. 


Course  by  Convpass  given. 

If  variation  east,  allow  to  right. 
If  variation  west,  allow  to  left. 
WiU  gim  true  course. 


True  Course  given. 

If  variation  east,  allow  to  left. 

If  variation  west,  allow  to  right. 

WiU  give  magnetic  course. 


To  Correct  the  Course  at  once  for  Variation  and  Deviation. 

If  they  are  both  of  the  same  name,  i.e.^  both  E  or  both  W.,  add 
them  together  and  apply  their  sum  according  to  their  joint  name. 
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Bat  if  one  be  E.  and  the  other  W. ,  take  their  difference,  give  it  the 
name  of  the  greater,  and  apply  it  according  to  that  name. 

Example  1. — Compass  course  N.N.E.  ;  given,  the  deviation  8**10' 
E.,  and  the  variation  20"  10'  E.,  the  snm  thereof  28°  20'  E.  bemg 
applied  to  the  right  hand  of  N.N.E.,  gives  the  tme  course  N.  50' 
50  K 

Example  2. — Suppose  the  deviation  be  still  8"  10'  E.,  but  the 
variation  of  20'  10'  W.,  their  difference  is  12"  0'  W.,  appUed  to  the 
left  hand,  will  give  N.  lO""  30'  E.  for  the  true  course. 

REMARKS  ON  THB  MARIC^SR'S  OOBffPASS. 

A  mariner's  compass  should  possess  as  great  magnet  power  as  can 
be  conferred  upon  it,  almost  perfect  seir^ibility^  and  the  maximum 
of  steadiness.  It  has  been  found  difficult  to  obtain  an  air  or  dry 
compass  which  should  possess  all  these  qualities,  but  tbe  liquid  com- 
pass has  been  so  improved  of  late  years  as  to  combine  them  all  to  a 
fair  degree. 

Ritchie's  Iiiquid  Compass. 

This  is  the  regulation  compass  of  the  United  States  Navy,  and 
consists  of  a  skeleton  card  mounted  on  a  pivot,  and  having  the  bowl 
filled  with  a  liquid  composed  ot  thirty-five  parts  of  alcohol  and 
sixty-five  parts  of  distilled  water,  the  freezing-point  of  the  mixture 
being  about  10°  Fahr.  In  the  bowls  of  the  compasses  designed  for 
use  in  the  Arctic  regions  pure  alcohol  is  used. 

The  needles,  which  are  two  in  number,  each  consist  of  six  laminae 
of  a  superior  quality  of  steel,  known  as  "  Stubb*s  sheet,"  this  being 
selected  on  account  of  its  uniform  excellence,  magnetic  intensity, 
and  permanence.  Each  of  these  laminae  is  6^  inches  long,  -^^  of 
an  inch  wide,  and  -/j  of  an  inch  thick,  and  each  needle  weighs  about 
two  ounces. 

These  needles  are  enclosed  in  two  parallel  tubes,  which  are  paral- 
lel to  the  N.  and  S.  line  of  the  card,  their  ends  meeting  the  rim 
at  a  little  within  30°  of  this  line.  These  tubes  are  connected  at  the 
centre  by  a  third  tube  at  right  angles  to  them,  which  supports  the 
cap  upon  which  the  card  is  pivoted.  The  rim  and  tubes  are  air- 
cbamberSf  giving  great  buoyancy  to  the  card. 
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These  compasses  have  given  great  satisfaction  in  use,  and  are  f onnd 
to  possess  in  the  highest  degiee  the  three  great  requisites  of  a 
good  compass,  viz. :  directive  farce^  sermbility,  and  steadiness.  The 
7^  inch  has  been  adopted  as  the  regulaton  size  in  the  Navy. 

The  pressure  oa  the  pivot  is  on  the  average  only  70  grains,  and 
there  is  in  consequence  very  little  frictional  error,  and  not  much 
wear  on  the  caps  and  pivots. 

In  the  tdt-tMe  compasses,  which  are  mounted  face  downward,  the 
pressure  on  the  pivot  is  so  regulated  as  to  act  upward. 

Sir  William  Thomson's  Compass. 

This  compass  is  designed  to  allow  of  easy  adjustment  for  changes 
of  deviation. 

The  card  is  supported  on  a  thiu  rim  of  aluminium,  and  its  inner 
parts  on  thirty- two  silk  threads,  stretched  from  the  rim  to  a  central 
boss  of  aluminium.  The  card  is  of  thin  paper,  having  all  the  cen- 
tral portion  cut  away,  leaving  only  an  annular  ring  to  show  the  points 
and  degrees  of  the  compass. 

The  central  boss  has  a  hole  in  its  centre,  which  rests  on  an  inverted 
aluminium  cup  mounted  with  a  sapphire  cap,  which  rests  on  a  fixed 
iridium  point. 

Eight  needles,  from  3^  to  2  inches  long,  made  of  steel  wire,  and 
weighing  altogether  54  grains,  Lre  fixed  like  the  rounds  of  a  ladder 
on  two  parallel  sUk  threads,  and  slung  from  the  rim  by  four  copper 
wires  through  eyes  in  the  four  ends  of  the  outer  pair  of  needles. 
For  a  ten -inch  compass  the  whole  weight  on  the  iridium  point  is 
about  180  grains. 

As  the  greater  part  of  the  weight  of  the  card  is  at  the  rim,  a  long 
period  of  oscillation  and  consequent  steadiness  is  injured. .  There  is 
a  hemispherical  space  under  the  compass-case,  which,  being  filled 
with  castor-oil,  serves  to  calm  the  vibrations  of  the  bowls. 

The  apparatus  for  compensation  consists  of  two  hollow  iron  globes 
placed  on  supports,  and  attached  on  two  sides  of  the  binnacle.  These 
are  for  correcting  the  quadrantal  error,  and  this  adjustment  once 
made  remains  correct  in  all  latitudes,  unless  there  is  some  change  in 
the  place  of  the  iron  near  the  compass.  To  make  the  correction  the 
globes  are  placed  at  a  certain  distance  from  ihc  ccii\.io  ol  \Jcift  ^iwa.- 
pass  BuSident  to  correct  the  deviation. 
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To  correct  the  semicirciilar  deviation,  which  changes  with  lapse 
of  time  and  change  of  latitude,  sets  of  magnets  axe  so  arranged  in 
the  binnacle  as  to  neutralize  this  error,  and  also  the  heeling  error. 
For  this  latter  a  vertical  magnet,  adjustable  to  the  proper  height,  in 
a  line  through  the  centre  of  the  compass  and  binnacle,  is  employed. 

There  is  also  a  mirror  by  which  bearings  ot  objects  on  the  horizon 
can  be  obtained  and  the  readings  taken  directly  on  the  card. 

Duchemin*8  Oompass. 

This  consists  of  two  concentric  magnetized  circles  or  needles,  with 
a  steel  traverse  connecting  the  poles. 

The  maximum  magnetization  is  at  the  north  and  south  points,  de- 
creasing gradually  to  zero  at  east  and  west. 

The  circles  are  magnetized  by  a  peculiar  process,  which  gives  mag- 
netic  stability,  and  when  allowed  to  move  freely  it  forms  a  true  com- 
pass, the  N.  pole  pointing  to  the  south,  and  the  S.  pole  to  the  north. 

In  a  series  of  experiments  made  at  sea  with  this  compass,  in  which 
it  was  intentionally  exposed  to  the  roughest  usage,  it  proved  so  sat- 
isfactory with  regard  to  sensibility,  steadiness,  and  fixity  of  the  line 
of  its  poles,  that  it  has  been  adopted  as  the  regulation  compass  in 
the  French  Navy,  and  is  in  use  in  several  lines  of  merchant  steamers. 

An  Alarm  Oompass. 

Mr.  Henry  A.  Severn  has  invented  a  mariner^s  compass  which  en- 
ables the  c  iptain  or  officer  in  charge  to  hear,  by  the  ringing  of  a  bell, 
when  the  ship  is  out  of  the  ordered  course.  Advantage  has  been 
taken  of  the  constant  position  of  the  card  and  the  ever- varying  posi- 
tion of  the  ship,  for  the  purpose  of  making  and  breaking  metollic 
contact,  which  causes  an  electric  bell  to  be  sounded  and  so  announce 
the  fact  that  the  vessel  is  off  her  course. 

'  Over  the  card  are  two  index  hands,  which  can  be  adjusted  at  any 
angle  so  as  to  allow*  a  given  latitude  In  steering,  either  to  port  or 
starboard  of  the  course.  Should  the  ship  be  allowed  to  leave  her 
course  beyond  the  limit  allowed  on  either  side,  the  alarm-bell  rings 
at  once,  and  continues  ringing  until  the  right  course  is  resumed. 
The  compass  can  be  used  as  an  ordinary  compass  by  raising  the  index 
hands  away  from  the  card,  thereby  disconnecting  the  bell. 
The  metal  point  upon  which  the  card  ia  pivoted  is  insulated  from 
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the  compass-bowl,  and  has  attached  to  it  a  wire  from  one  pole  of  a 

smaiJ  battery. 

About  an  inch  above  the  card,  placed  parallel  to  its  surface  and 
attac^hed  to  its  metal  centre,  which  is  insulated  from  the  needle,  is 
an  arm  of  metal  reaching  nearly  to  the  edge  of  the  card,  which  arm 
is,  therefore,  in  metallic  communication  with  the  wire  from  the  bat- 
tery.    The  glass  cover  of  the  compass  has  a  short  brass  rod  working 
within  a  tube  passing  through  it.     These  are  attached  to  two  brass 
milled  heads  above  f^e  glass,  and  to  the  two  movable  index  hands 
beneatih.     These  are  in  contact  with  the  brass  work  of  the  compass, 
which  is  connected  with  the  other  pole  of  the  battery.     Beneath  the 
outer  extremities  of  the  index  hands  are  suspended  two  pieces  of 
platinum  wire  about  three-fourths  of  an  inch  long.     By  means  of 
the  two  milled  heads  these  hands  can  be  moved  over  any  point  of 
the  card,  bence  they  admit  of  being  placed  on  either  side,  and  equally 
distant,  or  otherwise,  from  the  metal  arm  on  the  card. 

Thus,  whenever  the  platinum  wires  come  into  contact  with  the 
metal  arm  on  the  card,  the  circuit  is  completed.  The  electric  bell, 
being  placed  in  the  circuit,  sounds  whenever  such  contact  takes 
place.  To  disconnect  the  bell,  raise  the  milled  head  up  half  an  inch 
through  a  sliding  tube. 

Two  bells  of  different  tone  may  be  employed,  and  thus  indicate 
whether  the  deviation  is  to  port  or  starboard. 

This  arrangement  is  simple  and  compact,  and  would  make  a  val- 
uable *'  tell-tole  "  if  placed  in  the  cabin. 

By  its  use  headlands  and  dangers  may  be  guarded  against,  while 
in  the  case  of  a  vessel  riding  at  anchor,  or  moored,  the  compass  wDl, 
at  once,  g^ve  intimation  of  swinging — a  matter  of  importance  some- 
times at  night. 

THS  LOGk-LINE  AND  TIME-GIiASSES. 

The  apparatus  commonly  used  for  measuring  the  speed  of  a  ship, 
consists  of  the  log-chip^  log  line,  reel^  and  28  and  14  seconds  time- 
glasses. 

The  log-chip  is  a  fiat  piece  of  board,  of  a  quadrantal  form,  of  about 
eight  incSies  radius,  loaded  on  the  circular  edge  with  lead  to  make  it 
float  upright  in  the  water.  Small  holes  are  bored  at  \>\i^  (^T\x«c%k^ 
and  through  the  two  near  the  extremities  ot  tiie  atc^iT^^Qi^^^^ 
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ends  of  a  bit  of  small  line  about  four  feet  long;  these  ends  have  a 
knot  made  in  them  lo  prevent  their  becoming  amove.  To  the  mid- 
die  of  the  line  is  beized  a  wooden  plug  or  toggle. 

The  log-line  is  a  small  line  about  one  hundred  and  fifty  fathoms 
long,  the  end  of  which  is  taken  through  the  remaming  hole  in  the 
chip  and  knotted ;  on  this  line,  at  about  the  distance  from  the  log- 
chip  that  the  toggle  is  secured  on  the  line  first  attached,  is  fastened 
a  pieoe  of  wool  with  a  socket  into  which  the  toggle  fits.  The  whole 
is  so  arranged  that  when  the  toggle  is  in  the  socket  the  chip  will 
float  upright  in  the  water.  A  sharp,  quick  pull  on  the  line  will 
always  free  the  toggle,  when  the  chip  will  fall  flat  on  the  water  and 
may  be  easily  hauled  on  board.  The  other  end  of  the  log-line  is 
made  fast  to  a  reel,  so  arranged  as  to  turn  with  as  little  friction  as 
possible,  and  the  line  is  then  woun.l  upon  the  reel  clear  for  running. 

The  Time-Glasses. — These  are  ordinary  sand-glasses  running  to 
seconds.  The  quantity  of  sand  in  the  glass  should  be  such  that  it 
will  require  exactly  twenty-eight  seconds  of  time  in  the  *'  long  glftss,^^ 
and  fourteen  seconds  in  the  *'' short  gUias,'*'*  to  run  into  the  lower  bulb 
whea  the  glass  is  held  vertically.  As  the  glasses  may  be  affected  by 
variation  in  the  temperature,  and  the  sand  certainly  by  damp  weather, 
it  is  necessary  to  examine  their  accuracy,  from  time  to  time,  by 
comparing  them  with  a  seconds  watch  ;  they  can  be  made  true  by 
drying  the  sand  or  chauging  irs  quantity,  or  the  error  may  be  al- 
lowed for. 

To  Mark  the  Log-line. — The  line  should  be  well  soaked  in  water 
and  stretched  to  clear  it  of  any  kinks,  then  a  distance  of  from  ten  to 
twenty  fathoms  is  measured  from  the  chip  and  a  piece  of  white  rag 
is  inserted.  This  marks  what  is  termed  the  stray  line,  and  is  allowed 
to  let  the  chip  float  well  clear  of  the  eddies  astern  of  the  vessel  be- 
fore commencing  to  reckon  the  speed. 

The  log-line  is  divided  into  distances  termed  knots,  and  these  are 
subd.vided  into  five  parts,  so  that  each  subdiviaion  represents  two-  , 
tenths  of  a  knot. 

The  length  of  a  knot  is  taken  as  the  same  part  of  a  nautical  mile 
(6086.4  feet)  that  twenty-eight  seconds  is  of  an  hour,  which  gives 
for  its  length  47.4  feet. 

Measure  from  the  white  rag  the  length  of  the  first  knot,  and  mark 
/^  bjr  twisting  into  the  line,  at  that  point,  a  smoW  ^\feci^  ot  cord  with 


Sbc.  II.        THE  LOGLINE  AND   TIME  GLASSES.  ^ 

one  knot  made  in  the  end.  Measure  the  length  of  the  next  knot 
fiom  this  mark,  ana  insert  a  piece  ot  cord  with  two  knots  in  the  end. 
Jtfark  the  next  with  three  knots,  and  so  on  until  the  line  is  marked! 
^ext  subdivide  each  knot  into  five  equal  parts,  marking  them  with 
small  pieces  of  fish-line  without  knots. 

Log-lines  should  be  frequently  examined  and  the  marks  veiified» 
therefore,  to  facilitate  this,  the  proper  length  of  a  knot  and  its  sub- 
divisions shotild  be  laid  off  on  the  quarter-deck,  and  marked  by  driv- 
ing in  copper  tacks. 

The  line  should  invariably  be  wet  when  the  marks  are  verified. 

Note:. — The  log-line,  no  less  than  the  glass,  varies  in  its  indica- 
tions ;  especially  does  it  contract  by  wetting.  It  may  be  considered 
that,  one  being  correct,  and  the  other  faulty : 

For  error  of  seconds-glass — Glass  too  short  gives  distance  too  short ; 

Glass  too  long  gives  distance  too  long. 
For  error  on  log-line — Knot  too  short  gives  distance  too  long ; 

Knot  too  long  gives  distance  too  short. 

If  BOTH  are  faulty  : — Multiply  faulty  length  of  knot  by  erroneous 
distance,  and  divide  product  by  faulty  time-glass  runs ;  three-fifths 
of  the  result  gives  true  distance. 

Heaving  the  Iiog. — The  log  should  be  hove  from  the  lee-quarter 
of  a  sailirg  vessel,  or  from  a  convenient  place  near  the  stem  of  a 
steamer. 

One  hand  holds  the  reel,  bo  that  the  line  will  have  a  clear  run ; 
another  the  time-glass  ;  and  an  officer  of  the  watch  adjusts  the  chip 
by  putting  the  toggle  into  its  socket  on  the  line,  then  takes  the  chip 
and  a  small  coil  of  the  line  in  his  hand  and  sees  all  clear.  When 
ready,  he  calls  out  to  the  glass-holder,  ''  Clear  Glass?  "  to  which  tho 
latter,  when  the  sand  is  all  in  one  bulb,  and  he  is  ready,  replies,  *'  All 
Clear!'' 

The  officer  then  calls  out  **  Look  out !  "  and  heaves  the  chip  over 
the  taffrail,  clear  of  the  eddies,  and  assists  the  line  off  the  reel  by 
easy  pulls  in  order  to  overcome  friction  ;  as  the  white  rag  marking 
the  end  of  the  stray  line  passes  the  taffrail,  he  calls  out  '^  I'uim! '''' 
which  the  glass-holder  repeats,  at  the  same  time  turning  the  glass 
so  that  the  bulb  having  the  sand  in  is  uppermost,  and  the  %«k\id  x\).Xk& 
into  the  lower  bulb.  TWien  the  sand  is  nearly  out,  t\ie  ^\«Le»-\vQ\^«t 
calls  tmt  ''SUtnddy/"  and  the  instant  it  is  out  of  t\ie  u^^*  'W^n 
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he  calls  ^^  Out!  ^*  The  line  is  checked,  and  the  mark  on  a  line  with 
the  taffrail  noted,  or  if  there  is  no  mark  at  the  taffrail  the  nearest  is 
noted  and  the  speed  estimated  from  it  to  the  nearest  tenth  of  a 
knot.  A  sharp  pull  ou  the  line  will  free  the  chip,  when  the  line  is 
hauled  on  board  iiud  reeled  up  for  the  next  heave. 

The  fourteen  second  glass  is  used  when  the  speed  of  the  Ye&sel  is 
above  five  knots,  and  in  such  case  the  speed  shown  by  the  line  must 
be  doubled  to  get  the  actual  speed. 

It  is  customary  on  board  of  men-of-warunder  way  to  heave  tixelog 
at  the  end  of  every  hour,  and  record  the  speed  of  tiie  vessel  in  the 
log-book. 

Care  aud  skill  are  required  to  obtain  a  reliable  result.  A  following 
sea  will  send  the  ship  home  and  the  speed  shown  will  be  too  small 
A  head  sea  will  cause  the  indication  to  be  too  g^eat. 

In  a  sailing  vessel,  if  the  wind  be  sqoally  or  variable,  so  that  the 
speed  will  not  be  uniform  ihr  ughout  the  hour,  the  log  may  be  hove 
more  f reciuently  and  an  average  taken  as  the  speed  for  the  hour. 

Patent  Logs. — Several  patent  logs  are  in  general  nse,  taking  their 
names  from  their  inventors,  as  Massey's,  Reynold's,  Trowbridge's, 
Walker's,  etc.  All  of  these  are  nearly  alike  in  principle,  and  a  general 
description  will  suffice  for  all. 

They  consist  of  an  elongated  metal  box,  containing  a  system  of 
cog-wheels  connected  with  the  hands  of  thrte  dials  showing  on  the 
outside.  To  the  rear  of  the  box  is  attached  a  hollow  cylmder,  on 
which  is  a  small  propeller  (termed  the  rotator  or  fly),  whose  shaft 
passes  through  the  cylinder  and  connects  with  the  oog- wheel  work. 

The  pitch  of  the  propeller  is  known,  and  consequently  the  number 
of  revolutions  it  will  make  in  a  mile,  which  revolutions  are  re<f  istered 
by  the  cog-wheel  system  on  the  dials,  one  of  which  has  the  oir- 
cu inference  representing  1  mile  divided  into  tenths,  tho  next  repre- 
senting 10  miles  divided  into  tenths,  and  the  last  representing  300 
miles  divided  inlo  thirtieths,  so  that  they  will  show  readings  from 
one-tenth  of  a  mile  up  to  300  miles. 

These  logs  are  towed  astern  of  the  vessel  by  a  stout  line  of  50  or 
60  fathom  in  length,  made  fast  to  a  swivel  in  the  forward  end,  so 
that  the  rotation  of  the  log  will  not  twist  the  line. 

Before  using  the  logs,  the  hands  of  all  the  dials  are  set  at  0,  the 

log  made  fast  to  the  towing-line  and  placed  overboard  astern.     The 

Jqg"  18  hauled  in^  and  the   reading  noted,  'w\iesiftNCt  ^ha  course  is 
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changed,  angles  are  taken,  etc.,  bnt  should  be  reset  only  after  24 
hotm  have  elapsed.  Under  three  knots  the  indications  are  not  re- 
liable, as  the  log  does  not  float  horizontally. 

Patent  logs  must  be  hauled  in  when  the  vessel  stops  or  goes 
astern,  and  care  must  be  exercised  to  prevent  the  line  getting  foul 
ot  the  propeller. 

Taffrail  Patent  Log. — The  principle  of  this  log  is  the  same  an  in 
the  preceding  ones,  only  the  cog-wheel  work,  with  its  dials,  is  at- 
tached upon  a  convenient  place  on  the  taffrail,  and  the  propeller 
towed  overboard  from  it  by  a  line  through  which  its  motion  is  com- 
municated to  the  register.  This  obviates  the  necessity  of  hauling 
in  the  line  each  time  a  reading  is  desired,  and  only  the  propeller  part 
is  liable  to  be  lost. 

A  small  bell  is  sometimes  attached  to  the  register,  which  rings  au- 
tomatically at  each  mile  passed  over. 

The  Clark  Russell,  or  Spring  Log,  consists  of  a  spring  balance 
attached  to  the  taffrail,  to  which  a  line  and  float  are  attached.  The 
pressures  exerted  upon  the  float  when  it  is  towed  through  the  water 
at  different  rates  of  speed  are  determined  by  experiment,  and  these 
pressures  in  pounds  form  the  scale  to  which  the  log  is  graduated. 

The  float  is  towed  by  means  of  a  line  attached  to  a  hook  at  the 
end  of  the  spring  by  a  loop,  and  whenever  it  is  desired  to  ascertain 
the  speed  of  the  vessel,  the  line  is  looped  to  the  hook;  the  speed  is 
then  read  off  from  the  scale  of  the  spring.  If  the  float  is  kept  tow- 
ing all  the  time,  the  loop  should  be  made  fast  to  a  hook  on  the  taff- 
raS  and  only  looped  to  the  spring  when  a  reading  is  desired.  This 
log  does  not  give  the  distance  run,  but  only  the  speed  at  the  time  it 
is  used. 

»  Ground  Log. — In  shoal  water  and  currents,  the  actual  run  of  the 
vessel  over  the  ground  is  often  wanted ;  to  find  this,  the  log-line  is 
made  fast  to  a  lead,  and  the  speed  i^  measured  in  a  similar  way  to 
that  before  described. 

Ourrent  Logs. — This  is  the  ordinary  log  used  from   a  ship  at 
anchor  to  deteimine  the  direction  and  velocity  of  currents.     The 
result  g^ven  will  be  the  number  of  knots  and  tenths  tue  cv3Ltx^^\jX\jcft& 
per  houx,  ard  the  hearing  of  the  chip  will  give  the  d\tec\>\oxw  ^il  >iJcft 
cnzreD^    Patent  1<^  are  often  used  for  this  purpose. 
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LEAD  AND  USAD-UMB. 

The  lead  is  g^erally  made  of  priBmatio  shape,  tapering  to  the  upper 
end,  through  which  a  hole  is  made  for  a  strap,  to  which  is  attached 
a  marked  line. 

There  are  three  classes  of  leads  in  nse  :  the  hand  lead,  weighing 
from  7  to  14  pounds,  and  from  6  to  10  inches  in  length  ;  the  coast- 
ing lead,  weighing  from  25  to  50  pounds,  and  about  18  inches  long; 
and  the  deep-sea  {dipsey)  lead,  weighing  from  75  to  120  pounds,  ud 
about  2  feet  long.  The  line  used  with  the  hand  lead  is  about  80 
fathoms  long,  and  is  used  in  depths  of  25  fathoms  and  under;  that 
of  the  coasting  lead  120  fathoms  long,  and  used  in  water  from  25  to 
100  fathoms  in  depth;  and  of  the  deep-sea  lead  300  fathoms,  an^ 
use  J  in  depths  of  over  100  fathoms. 

TuE  Hand  Lead-Line  is  marked  at  every  two  or  three  fathoms, 
so  that  the  depth  of  water  may  be  quickly  ascertained ;  it  is  said 
to  have  nine  riuirka  and  eleoen  deeps — the  latter  not  being  indicated 
by  marks  ;  they  are  as  follows  : 

Fathum  Deop^.  Fathom  Marks. 

1 

------      2    Leather,  two  strips. 

......      3    Leather,  three  strips. 

4 

-      5    WJdte  calico. 

6 

-  -----      7    Hed  bunting. 
8 

9 

10    Leather,  with  a  hole  in  it. 

11 

12 

-  -----     13    Blue  serge. 
14 

- 15    White  calico. 

16 

17    Bed  bunting. 

18 

19 

......     20     Btivoid^  >N\t\i  two  kxLota  in  it. 
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Calico,  banting,  and  Berge  are  preferred  as  distinctive  marks, 

because  a  man  can  tell  the  difference  in  the  dark  by  the  feel. 

The  line  is  always  marked  from  the  heel  of  the  lead,  and  should  be 
weJl  stretched  before  marking. 

A  toggle  is  inserted  at  about  a  fathom  from  the  lead,  for  the  leads- 
man to  handle  it  by. 

A  hand  lead  from  three  to  five  poands  in  weight,  with  a  light  line 
'marked  to  feet,  is  used  from  boats  for  running  lines  of  soundings  in 
shoal  water. 

YachlB  and  small  craft  sometimes  have  light  hand  leads  with  but 
ten  or  fifteen  fathoms  of  line. 

The  G0A8TINO  AND  Dbkf-Sba  Lead-Lines  are  both  marked  alike, 
viz.:  at  10  fathoms,  one  knot ;  at  20  fathoms,  two  knots ;  at  'SO  fathoms, 
three  knots ;  at  40  fathoms,  four  knots ;  and  so  on  ;  and  the  inter- 
mediate fives  are  marked  by  small  strands  with  one  knot  (or  with  no 
knots).  At  100  fathoms  a  piece'of  red  bunting  is  inserted,  the  knots 
are  then  marked  as  in  the  first  hundred  fathoms  ;  at  200  fathoms  a 
piece  of  white,  and  at  300  fathoms  a  piece  of  blue  is  inserted. 

Heaving  the  Lead. 

Hand  Lead. — The  leadsman  is  placed  generally  in  the  main 
chains  of  the  vessel,  or  at  any  convenient  place  where  he  can  have  a 
good  foothold  and  a  clear  swing,  with  a  broad  breastband  fastened 
at  both  ends,  to  prevent  him  from  falling  overboard.  From  this 
breastband  down,  a  tarpaulin  is  generally  used  to  protect  the  leads- 
man from  the  drippings  of  the  line.  The  end  of  the  lead-line  is 
made  fast  near  at  hand. 

The  leadsman  takes  a  coil  of  line  in  his  left  hand,  holding  it  all 
clear  for  running,  and  in  the  other  hand  the  line  at  the  toggle, 
swings  the  lead  to  and  fro  until  it  has  sufficient  velocity  to  carry  the 
line  out,  when  he  lets  it  go  in  the  direction  in  which  the  vessel  is 
moving-,  letting  the  lead  ta^e  the  line  from  the  coil  so  that,  when  the 
line  is  up  and  down,  as  the  leadsman  arrives  at  the  spot  where  the 
lead  reached  the  water  he  can  feel  if  tlic  lead  has  touched  bottom. 
The  mark  at  the  water's  surface  may  be  noted,  or  the  depth  esti- 
mated, from  the  nearest  mark. 

AH  the  fathoms  marked  on  the  line  are  called  ^*  marks,^^  ^aidi  >i>[iQi^ 
not  marked  *'  de^M, "  and  tbeae  terma  are  used  by  \eadBmeiv  mxe^T^r 
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ing  Koundingg.  For  example,  if  the  depth  weze  3  fathoms,  it  would 
be  reported  as  *''hy  the  mark  3  ;  *'  if  4  fathoms,  h&^^by  the  deep  4 ; " 
if  ;3^  fathoms,  as  *'  and  a  half  3  ; ''  if  8f  fathoms,  as  '^  quarter  less 
4/*     If  no  bottom  is  reached,  as  ''^no  bottom  "  at  so  many  fathoms. 

When  a  vessel  is  going  over  six  knots,  it  is  difficult  to  obtain 
soundings  in  depths  greater  than  10  fatiiioms,  and  then  the  lead 
must  be  whirled  round  the  head  to  give  it  sufficient  Telocity  to  cany 
the  line  well  forward  (ahead). 

By  the  Coasting  and  Debp-Sga  Leads. — These  leads  have  a 
hollow  in  the  lower  end  which  is  always  filled  with  clean  tallow,  or,  ' 
as  it  is  termed,  *"  armcd,^^  before  being  cast.     If  the  lead  reach  the 
bottom,  it  is  known  by  a  sample  sticking  to  the  tallow,  which  aJso 
serves  to  indicate  the  character  of  the  bottom. 

To  get  an  accurate  sounding  with  these  leads,  it  is  necessary  to 
reduce  the  speed  of  the  vessel,  and  if  the  water  is  deep  to  stop  her 
way  entirely,  which  is  done  by  '''•luffing up  "  or  '•''heaving to'**  in  a 
sailing  vessel,  or  by  stopping  and  backing  the  engines  in  a  steamer. 

The  *'  armed  *^  lead  is  taken  to  the  bows,  and  a  sufficient  number 
of  the  crew  are  arranged  outside  along  the  weather-side  of  the 
vessel. 

The  line,  wound  up  on  a  reel,  is  placed  at  the  stem  ;  the  end  rove 
through  a  snatch  -block  made  fast  in  a  convenient  place  aft ;  carried 
forward  outside  of  everything,  and  made  fast  to  the  lead. 

Each  man  takes  a  coil  of  the  line  in  his  hand,  and  keeps  it  dear 
for  running. 

When  the  vessePs  way  has  been  sufficiently  checked,  the  order  is 
giwen  ^^  Stand  bt/ / '^  ^' Heave /^^  The  lead  is  then  cast,  the  person 
doing  it  at  the  same  time  calling  out''  Wntc/i-oh-toatch  /  ^^  As  the 
lead  sinks,  each  man  allows  the  line  to  run  from  his  hand  so  that  he 
can  feel  if  the  lead  reaches  the  bottom,  in  which  case  he  calls  out 
*'  Bottom/  "  when  the  mark  is  noted  and  the  line  hauled  in. 

If  no  bottom  is  felt  as  the  last  of  the  line  leaves  the  man's  hand, 
he  calls  out  to  the  next  man  aft,  ''  Watch-oh-watch  I "  and  so  on  to 
the  stem,  where  the  rest  of  the  line  may  be  allowed  to  run  off  the 
reel,  observing  if  the  lead  touch  bottom,  which  may  be  known  by  the 
line  slacking.  The  line  is  then  manned  and  hauled  in,  the  depth 
and  character  of  the  bottom  noted,  and  the  vessel  resumes  her 
wajr. 
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In  heavy  weather  it  is  better  to  take  the  line  round  the  stem,  out- 
side from  the  weather-side,  and  heave  the  lead  from  the  lee-side,  so 
that  bj  the  time  it  has  run  out  it  will  be  nearly  up  and  down,  the 
ship's  drift  to  leeward  bringing  her  over  the  lead  while  the  line  is 
foiming  out. 

Sometimes  a  buoy  and  nipper  (Burt^s)  is  used  to  insure  an  up  and 

down  cast.     The  line  is  run  through  a  spring  catch  on  the  buoy, 

ifhich  is  tihrown  overboard  with  the  lead  ;  the  line  will  run  through 

the  nipper  as  long  as  the  weight  of  the  lead  is  felt,  but  when  the 

lead  reaches  the  bottom,  the  spring  of  the  nipper  will  catch  and 

hold  the  line,  so  that  the  depth  may  be  measured. 

The  above  methods  are  used  Uy  obtain  soundings  for  the  purpose 
of  determining  the  position  of  the  vessel  whenever  necessary,  but 
for  surveying  and  scientific  purposes  finer  work  is  needed. 

A  lead  coming  into  general  use  is  Thompson's  pressure  lead, 
which  consists  of  a  glass  tube  fitted  into  a  lead,  so  as  to  give  free 
access  to  the  water  at  its  lower  end.  This  tube  has  a  chemical 
preparation  on  the  inside,  which  the  water  discolors  as  it  rises  in 
the  interior,  which  it  will  do  in  proportion  to  the  depth  the  lead  de- 
scends, and  this  depth  can  then  readily  be  determined  from  the 
length  of  the  discolored  portion  of  the  tube. 

Sounding-Machines. 

Several  machines  have  been  invented  to  facilitate  sounding,  which 
take  the  name  of  the  inventors,  as  Massey^s,  Walkefs^  Encsson^s^ 
Trowbridge s^  etc.,  but  none  are  in  general  use. 

Sir  William  Thomson's  Sounding-Machine. — This  machine  is 
designed  to  ascertain  quickly  and  accurately  the  depth  of  water  with- 
out stopping  the  vessel. 

The  apparatus  consists  of  a  wheel  on  which  is  wound  about  300 
fathoms  of  steel  piano-forte  wire.  A  stand,  to  which  the  supports  of 
the  wheel  are  attached,  is  fixed  to  the  taffrail  at  the  stem  of  the 
vessel,  so  that  the  sinker  can  hang  clear  for  a  cast. 

A  self-acting  brake  is  arranged  by  a  cord  wound  round  a  groove  iu 
the  circumference  of  the  drum,  which,  when  the  sinker  is  hanging, 
offers  resistance  enough  to  prevent  its  running  down,  but  when  it  is 
beii^  hauled  in  offers  very  little  resistance  to  the  txvxnm^  oi  >iXi^ 
wheel 
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When  ready  to  take  a  sounding,  the  brake  is  released  by  band,  so 
as  to  leave  a  force  of  about  7  poundu  pulling  on  the  rope,  by  which 
a  resistance  of  about  5  pounds  is  opposed  to  the  wire  while  it  is  run- 
uing  out.  Thus,  when  the  sinker  reaches  the  bottom  the  wheel 
stops.  The  brake  is  then  applied  to  prevent  it  from  running  on 
ag^in. 

The  sinker  is  a  long  weight  of  22  pounds,  with  a  hollow  at  the 
bottom  to  receive  the  arming  of  tallow.  It  is  attached  to  the  end  of 
the  wire  by  means  of  a  rope  about  6  feet  long,  to  which  a  brass 
tube  about  2  feet  long  is  seized.  A  glass  tube  2  feet  long,  coated  in- 
side with  chromate  of  bUcer^  and  open  at  one  end  only,  is  placed,  with 
the  open  end  downward,  in  the  bra^  tube.  As  the  sinker  descends, 
the  increased  pressure  drives  the  water  up  the  glass  tube,  which, 
combining  with  the  chromate  of  silver,  produces  a  white  mark,  uid 
this  mark  registers  the  height  to  which  the  liquor  has  been  forced 
up  the  tube.  A  graduated  scale  shows  at  once  the  depth  which 
has  been  reached. 

The  advantages  of  wire  over  rope  of  the  same  strength,  are  the 
smallness  of  area  and  smoothness  of  surface,  and  consequent  small 
resistance  when  paHslng  through  the  water.  This  permits  the 
sinker  to  descend  rapidly,  and  to  be  hauled  on  board  again  with 
ease.  Two  men  can  take  soundings  in  100  fathoms  every  few  min- 
utes, from  a  vessel  going  at  any  ordinary  speed. 

Tne  drum  when  not  in  use  is  to  be  kept  in  a  tank,  and  covered 
with  lime-water  or  oil. 

Sigsbee's  Sounding-Machine. — The  reel  is  practically  the  same 
as  that  in  the  Thomson  apparatus,  and  a  little  in  advance  of  it  are 
t  .vo  parallel  pipes,  about  0  feet  in  height,  each  containing  an  exten- 
sion spring  fastened  at  the  bottom  and  connecting,  by  means  of 
ropes  leading  over  pulleys  at  the  top  of  the  pipes,  with  a  cross-head 
free  to  move  between  the  pipes,  which  serve  as  guides.  The  cross- 
head  has  a  pulley  JJ  feet  in  circumference,  over  which  the  wire  leads 
in  its  passage  from  the  reel  to  the  water. 

The  normal  position  of  the  cross-head  is  at  the  top  of  the  guides, 
and  the  springs  resist  its  being  borne  down.  By  this  means  a  sen- 
sitive accumulator  is  arranged,  which  eases  the  jerks  on  the  wire 
\\  bile  reeling  in,  and  also  shows,  by  means  of  a  graduated  scale  on 
the  pipes,  the  amount  of  strain  on  the  wire  at  any  time  during  the 
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operation,  thus  acting  as  a  dvnamometer.  An  odometer,  attached 
to  the  axle  of  the  cross-head  pulley,  gives  at  once  the  number  of 
yards  of  wire  payed  out  or  reeled  in. 

In  paying  out,  no  weights  arc  required  for  tightening  the  friction 
liae,  as  the  latter  is  connected  with  the  cross-head,  and  the  resist- 
ance of  the  springs  is  made  to  serve  that  purpose.  This  arrange- 
ment acts  also  as  an  automatic  governor  on  the  motion  of  the  reel 
when  paying  out  wire  in  a  seaway. 

At  the  instant  the  sinker  reaches  the  bottom,  the  resistance  upon 
the  reel  is  automatically  increased. 

The  machine  is  almost  entirely  of  steel,  and  has  a  small  steam- 
engine  attached. 

THE  QUADRANT  AND  SBXTANT. 

The  reflecting  instruments  which  are  in  most  common  use  at  sea 
are  the  Quadrant  and  Sextant. 

The  Quadrant  contains  an  arc  of  something  more  than  45^,  and 
measures  a  few  degrees  more  than  90^ ;  it  is  generally  made  of  wood, 
and  the  graduated  arc,  which  is  ivory,  reads  to  minutes,  and  some- 
times to  30 '.  The  quadrant  serves  for  common  purposes  at  sea, 
but  the  sextant  is  required  for  accurate  work,  and  is  in  general  use. 

The  Sextant  is  made  of  braes,  measures  a  few  degrees  more  than 
120°,  and  sometimes  reads  to  10". 

To  Take  the  Sun's  Altitude  at  Sea.— Set  the  index  at  0,  put 
down  a  screen  before  the  central  mirror,  hold  the  instrument  in  a 
vertical  position,  and  direct  the  sight,  througli  the  sight-vane  and 
horizon  glass,  to  that  part  of  the  horizon  which  is  exactly  under  the 
Bun.  Now  move  the  index  on  with  the  left  hand,  and  the  image 
of  the  sun  will  appear  to  descend  toward  the  horizon.  Vibrate  the 
instrument  around  the  line  of  sight,  and  make  the  lower  limb  graze 
the  horizon,  this  gives  the  observed  altitude  of  the  lower  limb. 

This  is  often  near  enough  ;  but  for  accuracy,  having  made  a  rough 
contact  as  above,  put  in  the  telescope,  previously  set  to  distinct  vision 
by  looking  through  it  at  the  horizon  ;  the  image  being  now  magnified, 
the  contact  is  made  more  correctly. 

The  contact  should  be  made  in  the  centre  of  the  &e\d  *,  \1  \\t  ^  TL<(^\k^ 
the  angle  wiU  be  too  great. 
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When  there  is  a  tangent  screw,  clamp  the  index,  and  make  the 
contact  perfect  by  turning  the  screw. 

The  observer  acquires  by  experience  the  power  of  estimatiug  the 
proper  angle  at  which  to  set  the  index  for  a  rough  contact,  and  thus 
saves  time.  It  also  effects  a  saving  of  time  to  have  the  tabes  of  the 
telescope  marked  at  the  observer's  focus. 

When  the  angular  distance  between  two  objects  is  to  be  measured, 
the  plane  of  the  instrument  is  held  in  the  line  joining  them,  and  the 
sight  is  directed  to  the  fainter  of  the  two.  Therefore,  when  the 
brighter  object  is  to  the  right,  the  instrument  is  held  face  upwards, 
and  the  image  of  the  right  hand  object  brought  to  touch  the  left 
hand  object  seen  directly ;  but  when  the  brighter  object  is  to  the  left, 
the  instrument  must  be  held  face  downward,  the  sight  being  di- 
rected to  the  right  hand  object. 

Reading  off  the  Angle. — The  arc  being  divided  into  degrees, 
and  these  subdivided  into  thirds,  fourths,  etc.,  each  division  con- 
tains several  minutes,  and  the  angle  measured  can  therefore  be  read 
but  roughly  from  the  arc  itself. 

In  order  to  obtain  the  reading  to  a  fraction  of  a  minute,  a  scale, 
called  a  'Dernier^  is  used ;  this  is  a  portion  of  an  arc,  having  the  same 
radius  and  divided  into  one  part  more  than  an  equal  portion  of  the 
arc  of  the  sextant. 

The  manner  in  which  a  more  minute  reading  is  obtained  may  be 
understood  from  the  following  :  Suppose  a  division  on  the  arc  to  be 
one-third  of  1°,  or  20' ;  and  the  vernier  to  be  equal  in  length  to  19 
divisions,  or  880',  but  divided  iuto  20  equal  parts ;  then  each  divi- 
sion of  the  vernier  is  -}c^  of  880'  or  19',  and  therefore  the  difference 
between  one  division  on  the  arc  and  one  of  the  vernier  is  1', 

Suppose  the  beginning,  or  0,  of  the  vernier  and  that  of  the  arc 
to  coincide,  then  the  first  of  the  dividins?  lines  of  the  vernier  falls 
short  of  the  first  dividing  line  of  the  arc  by  1' ;  therefore,  if  we  make 
these  lines  coincide  we  advance  the  vernier  1'.  Again,  to  make  the 
second  dividing  lines  of  each  coincide  we  must  move  the  vernier 
through  2',  and  so  on. 

Adjustments. 

I,   The  Index  QlasB^  or  central  mirror,  must  be  perpendicular  to 
the  plane  of  the  instrument. 
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Set  the  index  about  60°,  then,  if  the  image  of  the  arc  in  the  mirror 
appear  io  perfect  continuation  with  the  arc  itself,  the  adjustment  is 
perfect;  if  the  reflection  appear  to  droop  from  the  arc  itself,  the 
mirror  leans  back  ;  if  it  rise  upward,  the  mirror  leans  forward.  This 
adjustment  generally  rests  with  the  maker,  but  may  be  rectified  by 
the  screws  on  the  back. 

II.  The  Horizon  Glass,  or  fixed  mirror,  must  be  perpendicular  to 
the  plane  of  the  instrument. 

Set  the  index  to  0,  hold  the  instrument  horizontally,  look  through 
the  glass  at  the  sea  horizon  or  other  distant  object,  and  give  the 
instrument  a  small  nodding  motion,  then  if  the  reflected  image  appear 
to  coincide  with  the  real  object,  the  adjustment  is  perfect ;  if  the 
image  be  the  lower,  the  glass  leans  forward  ;  if  it  be  the  higher,  the 
glass  leans  backward.     The  position  is  rectified  by  the  screws. 

UI.  The  line  of  sight  of  the  telescope  must  be  parallel  to  the  plane 
of  the  instrument  in  which  the  index  moves. 

Place  the  two  wires  of  the  telescope  parallel  to  the  plane  of  the 
iostrument.  Select  two  distant  objects  from  100°  to  120°  apart,  as 
the  sun  and  moon,  or  two  stars,  and  make  fin  accurate  contact  at  the 
wire  nearest  the  instrument.  Now  move  the  instrument  so  as  to 
throw  the  images  in  contact  upon  the  other  wire ;  if  the  contact  is 
still  perfect,  the  adjustment  is  perfect ;  if  they  have  separated,  the 
object  end  of  the  telescope  droops  ;  if  they  overlap,  it  rises.  The 
position  is  rectified  by  the  screws  in  the  collar.  When  this  adjust- 
ment is  defective,  the  observed  angle  is  always  too  great. 

Index  Error. — The  graduation  of  the  arc  should  begin  at  a  cer- 
tain point ;  when  this  is  not  the  case  the  index  error,  as  it  is  called, 
must  be  obtained. 

The  point  at  which  the  graduation  of  the  arc  should  begin  is  that 
at  which  the  index  stands  when  the  mirrors  are  parallel,  as  is  the 
case  when  the  image  of  a  distant  object  is  seen  to  coincide  with  the 
object  seen  directly.  It  is,  therefore,  the  error  of  the  place  of  the 
beginning  of  the  g^raduation  and  affects  all  angles  alike. 

To  Find  the  Index  Error. 

1.  By  THE  Horizon. — Hold  the  instrument  vertically,  aiid\£L^<^ 
the  image  of  the  horizon  coincide  with  the  honzou  \t«^\l  «i&  ^joica* 
lately  as  poemble.     If  the  zero  of  the  index  now  coincide  >N\\»tk  Ki  ^ii 
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the  arc,  there  is  no  iudex  error  ;  if  it  stands  on  the  arc,  the  index  cor- 
rection is  80  much  aubtractice ;  if  off  the  arc,  additive.  This  index 
correction  is  to  be  frequently  verified,  and  must  be  applied  to  all 
angles  measured. 

II.  By  the  Sun. — Measure  the  fuu's  horizontal  diameter  (the  ver- 
tical diameter  being  more  affected  by  refraction),  moving  the  index 
forward  on  the  arc,  and  read  off  the  measure,  which  i/idll  evidently 
be  on  the  arc ;  then  cause  the  images  to  change  sides  by  moving  the 
index  back,  take  the  measure  again  and  read  off ;  this  reading  wSl  be 
<?jf' the  arc ;  half  the  difference  of  the  two  readings  is  the  index  cor- 
rection. When  the  diameter  on  the  arc  is  the  greater^  the  correction 
is  aubtractive  ;  when  the  lesser,  additive.  If  both  readings  are  on  the 
arc,  which  may  occur  with  a  very  large  index  error,  the  index  cor- 
rection is  the  mean,  and  fiubtractive  ;  if  off,  additive.  One-fourth 
of  the  sum  o£  the  two  reading-s  should  be  equal  to  the  sun^s  semi- 
diameter  in  the  ^'  Nautical  Almanac." 

On  account  of  the  elasticity  or  spring  of  the  index  bar,  the  error 
may  be  different  for  the  J'o?'icard  and  for  the  backward  motion  of  the 
index.  It  is  well,  therefore,  to  turn  the  tangent  screw  right  and  left 
alternately  in  making  successive  contacts,  thus  obtaining  a  partial 
compensation.  This  source  of  error  may,  however,  be  obviated  by 
taking  all  observations,  including  that  for  index  error,  with  the/«?^^- 
wa}'d  motion  of  the  index  bar,  employing  the  tangent  screw  to  close 
the  rertected  image  and  the  object  seen  directly. 

The  adjusting  screws  should  never  be  touched,  except  from  neces- 
sity. It  is  better  that  error  should  exist,  provided  that  it  is  allowed 
for,  than  that  mischief  should  result  to  the  instrument  from  attempts 
at  a  perfect  adjustment.  When  two  screws  work  against  each 
other,  care  must  be  taken  in  tightening  one  to  loosen  the  other  if 
necessary. 

lilGHTS. 

The  lights  used  in  light-houses  are  divided  into  two  general  classes, 
Fixed  and  Variable.  The  fixed  light  maintcius  the  same  appear- 
ance ;  the  variable  lights  change — some  alternating  by  degrees  between 
bright  and  dim,  some  flashing  more  or  less  suddenly,  and  others  inter- 
mitting altogether. 

Variable  lights  are  distinguished  iiom  oach  other,  also,  by  the  dif' 
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I'erent  intervals  of  time  in  which  the  changes  succeed  each  other, 
^he  effect  of  such  changes  being  commonly  produced  by  a  revolving 
flioliion. 
Color  is  also  employed  as  a  means  of  distinction. 
Every  light  which  varies  its  lustre  is  liable,  when  seen  from  a  diai 
tance,  to  become  altogether  invisible  during  the  period  of  lesser 
brilliancy  ;  hence,  a  revolving  light  may  seem  to  intermit. 
Blevated  lights  are  often  entirely  obscured  by  clouds. 
As  objects  painted  white  are  often  lost  sight  of  in  a  fog,  while  ob- 
jects of  a  red  color  remain  visible,  buildings  serving  as  marks  for 
sailors  are  usually  painted  with  red  and  white  bands.     Light-hjouses, 
therefore,  being  also  useful  as  guides  by  day,  are  freqently  painted 
in  order  to  answer  this  purpose. 

Systems. — Two  systems  are  in  general  use,  viz. :  the  catoptric  and 
the  dioptric^  the  former  being  produced  by  Argand  oil-burners  shown 
in  the  focus  of  a  system  of  paraboloidal  silvered  metal  reflectors,  or 
which  from  one  to  ten  may  be  used  in  the  same  plane,  as  the  power 
and  range  may  require. 

In  the  dioptric  system,  the  light  is  produced  from  one  central  oil- 
burner  placed  in  the  focus  of  a  gla^s  instrument,  by  which  ail  the 
rays  emanating  from  the  sec  ions  of  ihe  flame  best  suited  for  the  pur- 
pose are  bent,  so  as  to  be  sent  nearly  horizontally,  and  only  to  the 
sea's  surface. 

TiiE!  Catadioptric  System  is  a  combination  of  the  two  preced- 
ing systems.  Both  of  these  systems  admit  of  lights  being  shown  as 
fixed,  revolving,  or  flashing,  and  of  various  orderr^,  determined  in  the 
catadioptrio  by  the  number  of  lamps  and  reflectors,  and  in  the  diop- 
tric by  the  size  of  theinstument  and  the  corresponding  central  flame. 
I  The  magneto- electric  light  belongs  to  the  dioptric  class,  the  light 
being  shown  from  an  apparatus  of  that  character. 

EfKsh  of  the  systems  above-mentioned  presents  some  conditions 
which  give  it  a  superiority  over  the  other,  and  these  conditions  are 
briefly  as  follows : 

A  Catoptric  Revolving  Light  may,  according  to  the  number  of 
reflectors  used,  be  deemed  equal  to  a  dioptric  light.    Where ^  howevev.^ 
there  are  ten  reflector.^  on  a  face,  the  great  vo\\mie  oi  \\^\i  V\\X:i.  w 
slow  revolation  baa  a  aaperiority  over  the  intensififeOi  ^vvxxvek  o^  'Otift 
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lens ;  it  illnmines  to  a  greater  extent  the  atmoephere  ;  and  thna  has 
uu  advantage,  especially  where  there  is  a  haze. 

This  system  has  the  further  advantage  over  the  dioptric  of  facility 
in  erection  at  a  distance  from  where  skilled  mechanics  are  obtainable, 
requiring  less  delicacy  in  putting  up  and  focusing  the  lights,  and 
being  less  liable  to  be  put  out  of  adjustment  by  volcanic  or  other 
disturbances. 

It  has  also  the  advantage  that  its  first  cost  is  not  more  than  half 
that  of  a  dioptric  light ;  and  its  consumption  of  oil  and  stores,  except 
in  the  case  of  ten  reflectors  on  a  face,  is  not  more  than  that  of  the 
lenticular  light. 

The  power  of  a  reflector  is  much  increased  by  what  is  termed  the 
^  ^  holophotal  arrangement/'  where  an  annular  lens  is  placed  in  front  of 
the  frame,  while  all  the  back  rays  of  light,  which  are  otherwise  lost, 
are  thrown  back  into  the  flame  by  a  hemispherical  mirror.  Three 
reflectors  of  this  kind  to  a  face  make  an  excellent  revolving  light. 

In  a  Catoptric  Fixed  Light,  the  reflectors  (with  an  Argand  lamp 
in  tha  focus  of  each)  are  arranged  round  a  circular  frame,  and  if  in- 
tended to  i.luminate  the  entire  horizon  there  are  generally  thirteen  in 
eaoh  tier ;  those  in  the  second  tier  being  placed  over  the  interstices 
of  the  other,  so  as  to  produce  an  equal  distribution  of  light.  The 
reflectors  generally  used  are  21  inches  in  diameter  at  the  lips,  and 
the  Argand  burner  seven-eighths  of  an  inch. 

For  a  fixed  light,  the  catoptric  is  far  inferior  to  the  dioptric  sys- 
tem, and  is  only  used  for  lights  of  that  character  in  positions  where 
want  o£  importance  does  not  warrant  the  use  of  a  lens.  It  possesses 
one  advantage,  in  that  it  is  not  in  the  same  degree  subject  to  deteri- 
oration for  want  of  caro  and  skill  on  the  part  of  the  attendants. 

In  a  catoptric  revolving  light,  the  reflectors  are  grouped  together, 
with  their  axes  parallel  to  each  other  on  three  or  more  faces,  so  as 
to  throw  their  combined  light  in  one  direction. 

The  number  of  faces  depend  upon  the  rapidity  of  revolution  and 
length  of  the  flash  intended  to  be  given;  but  where  the  interval 
amounts  to  half  a  minute  or  more  there  are  generally  only  three  faces, 
which  may  each  contain  one  or  more  reflectors. 

Dioptric  Lights,  whether  fixed,  revolving,  or  flashing,  vary  in 

the  size  of  the  lamp  and  apparatus,  according  to  the  order  required, 

and  are  namhered  from  1  to  6.     The  Ist,  ^A,  and  M  oxdeca  are  all 
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^^  for  coast  illumination ;  the  4tli,  5th,  and  6th  order  lights  are 
BsuaJJjr  employed  at  the  entrance  of  harbors,  or  as  lower  leading 
lights, 

Ab  a  fixed  light,  the  dioptric  possesses  many  advantages  over  the 
catoptric,  especiidly   where   it  is  required   to  illumine   the  whole 
circle  of  360  degrees.     Over  an  arc,  too,  according  to  its  area,  it  has 
the  power  of  intensifying  the  light,  by  utilizing  it  where  not  reqtiired, 
sod  returning   it  fiom   where   it  would   be  wasted  otherwise,  to 
strengthen  the  illuminated  arc.     It  has  also  a  great  advantage  over 
the  reflector,  in  its  facilities  for  marking  channels  or  outlying  dan- 
gers, which  is  done  by  placing  a  sector  of  colored  glass  verti<^y  on 
the  lens,  in  conjunction  with  one  on  the  lantern  glass,  in  line  with 
the  danger  to  be  marked ;  and  this  can  be  done  with  an  r.ccnrapy 
impossible  in  a  catoptric  light. 

In  a  dioptric  revolving  light,  the  panels  of  glass  usually  range  from 
ci^ht  to  sixteen  in  number,  but  occasionally  there  are  only  six  panels, 
which  produces  a  very  powerful  flash  by  concentrating  a  larger  arc 
of  light. 

Annual  Oonsumption  of  Oil. — The  Argand,  or  singlo  wick,  used  in 
the  4th  order  dioptric  lights,  and  in  reflectors,  consumes  about  forty- 
two  gallons  per  lamp. 

2- wick  burners,  small  size,  112  gallons  per  lamp. 
2     **  '*        large     *'     214       *'         «'       " 

Q         U  i(  t4  U         ^lO  U  ((  (( 

Recently  5  and  even  6-wick  burners  have  been  introduced.  The 
burners  consist  of  concentric  wicks,  alternating  with  concentric  air- 
passages. 

Illuminants. — Until  lately  the  illuminants  have  consisted  of 
animal  or  vegetable  oils,  chiefly  rape  oil,  or  what  is  known  as  Colza. 
In  the  United  States  lard  oil  is  used ;  iu  the  tropics  cocoa-nut  oil 
is  used  with  advantage,  and  is  said  to  attain  a  high  degree  of  illu- 
mination. 

Petroleum,  kerosene.  parafSn,  and  other  mineral  oils,  have  within 
a  few  years  been  introduced  for  the  lower  ordet  lomi^^^  m\»\i  \^«^ 
advanta^re  ^^  ^^  economy  and  power.     Tliey  cAao  VaNft  ^iJ![i'ft  «A:^«dl- 
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tage  of  requiring  no  attention,  as  they  bom  steadily  thronghont  the 
night  without  trimming. 

Severul  of  the  Irish  hghts  use  gas  made  from  Cannel  coal.  By  an 
arrangement  of  concentric  circles  of  jets,  either  one  or  more  of  which 
can  be  lighted  (according  to  the  state  of  the  atmosphere),  the  num- 
ber of  jets  may  be  increased  from  twenty-eight  to  one  hundred  and 
eight.  The  gas  may  he  alternately  turned  on  and  off  by  automatic 
action,  so  as  to  produce  an  intermittent  light  of  different  intervals  in 
a  fixed  apparatus,  or  Hashes  when  the  apparatus  is  revolving. 

Apparent  Light. — This  is  a  very  useful  contrivance,  by  which 
beacons  marking  sunken  rocks  lying  off  light-houses  may  be  illumi- 
nated, by  reflection,  from  an  apparatus,  hermetically  sealed,  placed 
on  top  of  the  beacon. 

The  apparatus  consists  of  a  plane  mirror,  upon  which  the  rays  of 
light  from  the  light-liouse  impinge,  the  reflected  rays  being  strength- 
ened by  passing  througli  glass  prisms. 

This  apparatus  was  first  used  at  Stomoway,  in  the  Hebrides,  to 
illuminate  the  beacon  on  Arnish  Uocks.  They  nre  three  hundred 
and  fifty  feet  distant  from  the  special  light,  placed  in  a  window  in 
the  lower  part  of  the  light-house  on  a  level  with  the  beacon. 


Light- house  Establishment  of  the  United  States. 

The  LiGnT-HoiTSE  Board  is  composed  of  nine  members :  three 
officers  of  the  navy,  two  of  high  rank  ;  three  officers  of  the  corps  of 
engineers  of  the  army  ;  and  three  civilians,  one  of  whom  is  the  Sec- 
^retary  of  the  Treasury,  and  the  remaining  two  to  be  of  high  scien- 
tific attainments. 

The  Board  has  elevated  the  character  of  its  personnel,  and  has 
succeeded  in  withdrawing  the  promotion  and  transfer  of  light- 
keepers,  over  a  thousand  in  number,  from  politics,  and  making  them 
depend  on  merit.  It  has  provided  small  libraries,  which  pass  from 
station  to  station,  and  it  is  intended  to  piaco  the  service  on  a  still 
higher  footing. 

On  July  1 ,  1 880,  the  Light-house  Establishment  had  in  position  47 
first  order  lights,  20  of  the  second  order,  55  of  the  third  order,  10  of 
the  third  and  a  half  order,  204  of  the  fourth  order,  288  of  the  fifth 
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^d  sixth  orders  ;  24  lanterns  and  lenses  ;  31  light- ships ;  57  fog-sig- 
nal8,  operated  by  steam  or  hot  air ;  25  automatic  whistling- buoys  ; 
owneroas  day  beacons ;  and  8,115  other  buoys ;  also  819  stake-lights 
on  the  fvestem  rivers. 

The  coasts  of  the  Atlantic,  the  Gulf  of  Mexico,  the  Pacific,  and 
the  great  northern  lakes,  are  divided  into  twelve  districts,  and  the 
western  rivers  into  two  districts,  as  follows : 

First  Distkict. 

The  first  district  extends  from  the  northeastern  boundary  of  the 
United  States,  Maine,  to  and  including  Hampton  Harbor,  New 
Hampshire,  and  includes  all  aids  to  navigation  on  the  coasts  of  Maine 
and  New  Hampshire. 

Second  District. 

The  second  light-house  district  extends  from  Hampton  Harbor, 
New  Hampshire,  to  include  Gooseberry  Point,  entrance  to  Buzzard's 
Bay,  and  embraces  all  the  aids  to  navigation  on  the  coast  of  Massa- 
chusetts. 

Third  District. 

The  third  district  extends  from  Gooseberry  Point,  Mass.,  to  in- 
clude Squam  Inlet,  N.  J.,  and  embraces  all  the  aids  to  navigation 
on  the  sea  and  sound  coasts  of  Rhode  Island,  Connecticut,  and  New 
Yoric,  Narragansett  and  New  York  Bays,  Providence  and  Hudson 
Rivers,  Whitehall  Narrows,  and  Lake  Champlain. 

rouRTH  District. 

The  fourth  light-house  district  extends  from  Squam  Inlet,  N.  J. , 
to  and  including  Metomkin  Inlet,  Va.  It  includes  the  sea- coast  of 
New  Jersey  below  the  Highlands  of  Navesink,  the  bay-coasts  of 
New  Jersey  and  Delaware,  the  sea-coasts  of  Delaware  and  Maryland, 
and  part  of  the  sea-coast  of  Virginia. 
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Fifth  Distkict.  I 

The  fifth  light-house  district  extends  from  Metomkin  Inlet,  Va., 
to  include  New  River  Inlet,  N.  C,  and  embraces  part  M.  the  sea- 
coast  of  Virginia  and  North  Carolina,  Chesapeake  Bay,  Sounds  of 
North  Carolina,  and  the  James  and  Potomac  Bilkers. 

Sixth  District. 

The  sixth  district  extendii  from  New  River  Inlet,  N.  C,  to  and 
including  Cape  Canavfiral  light-house.  Florida,  and  embraces  jNirt 
of  the  coast  of  Nortb  Carolina,  the  coasts  of  South  Carolina  and 
Georgia^  aad  part  of  the  coast  of  Florida. 

Seventh  District. 

The  seventh  light-house  district  extends  from  Cape  Canaveral,  on 
the  eastern  coast  of  Florida,  to  the  Perdido  River,  on  the  Gulf 
coast,  and  embraces  all  the  aids  to  navigation  within  those  limits. 

Eighth  Distkict. 

The  eighth  light-house  district  extends  from  the  Perdido  River, 
Fla. ,  to  the  Rio  Grande,  Texas,  and  embraces  the  coasts  of  Alabama, 
Mississippi,  Louisiana,  and  Texas. 

Tenth  District. 

The  tenth  district  extends  from  the  mouth  of  Saint  Regis  River. 
N.  Y.,  to  include  Grassy  Island  light-house,  Detroit  River,  Mich.,  and 
embraces  all  the  aids  to  navigation  on  the  American  shores  of  Lakes 
Erie  and  Ontario,  and  Saint  Lawrence  River. 

Eleventh  District. 

The  eleventh  district  embraces  all  aids  to  navigation  on  the  north- 
ern and  northwestern  lakes  above  Giassy  Island  light-station,  De- 
troit  River,  and  includes  Lakes  Saint  Clair,  Huron,  Michigan,  and 
Superior,  and  the  straits  connecting  t)[iem. 
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Twelfth  Dibtrict. 

california. 

This  district  embraces  all  aids  to  navigation  on  the  Pacific  coast 
of  the  United  States  between  the  Mexican  frontier  and  the  southern 
boondary  of  Oregon,  and  includes  the  coast  of  California. 

TlHRTEENTH  DISTRICT. 

^ifl  district  embraces  all  aids  to  navigation  on  the  Pacific  coast 
of  the  United  States  north  of  the  southern  boundary  of  Oregon.  It 
extends  from  the  forty-first  parallel  of  latitude  to  British  Columbia, 
and  includes  the  coasts  of  Oregon  and  of  Washington  Territory. 

Fourteenth  District. 

The  fourteenth  light-house  district  extends  from  Pittsbiuig,  Pa., 
to  Cairo,  111.,  and  embraces  all  the  aids  to  narigstion  on  the  Ohio 
Bivet 

Fifteenth  District. 

The  fifteenth  light-house  district  extends  on  the  Mississippi  from 
the  head  of  navigation  to  New  Orleans,  and  on  the  Missouri  from 
the  head  of  navigation  to  its  mouth,  and  embraces  all  the  aids  to 
oavigation  within  those  limits. 


BUOYS. 

Bn03rage  on  the  Coast  of  the  United  States. 

In  conformity  to  the  terms  of  the  act  of  Congress  approved  Sep- 
tember 28,  1850,  describing  the  manner  of  coloring  and  numbering 
the  buoys  along  the  coasts  and  in  the  bays,  sounds,  rivers,  and  har- 
hois  of  the  United  States,  the  following  order  is  observed,  viz. : 

In  approaching  the  channel,  etc.,  from  seaward^  red  Imoys  ^ttSN^cv. 
fi^  numbers  will  be  f<mnd  on  the  starboard  side  of  tYie  c\iDaiix<^\^  vi^^ 
most  be  ^etb  on  the  a^ar^tfard band  in  passing  in. 
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In  approaching  the  channel,  etc.,  from  seaward,  bUick  buoys  with 
odd  numbers  will  be  I'ound  on  the  port  side  of  the  channel,  and  must 
be  left  on  the  2>**i't  hand  in  passing  in. 

Buoys  painted  with  red  and  black  horizontal  stripes  will  be  found 
on  obstructions  with  channel-ways  on  either  side  of  them,  and  may 
be  left  ou  either  hand  in  passing  in. 

Buoys  p'iiuted  with  white  and  black  perpendictdar  stripes  will  be 
found  in  mid-channel^  and  must  be  passed  close-to  to  avoid  danger. 

All  other  distinguishing  marks  to  buoys  will  be  in  addition  to  the 
foregoing,  and  may  be  employed  to  mark  particular  spota 

Perches  with  balls,  cages,  etc.,  will,  when  placed,  be  at  turning- 
points,  the  color  and  number  indicating  on  which  side  they  shall  be 
passed. 

Vessels  approaching  or  passing  light  vessels  of  the  United  States, 
in  thick ^  f^yyy  iceather,  will  be  warned  of  iheir  proximity  by  the  al- 
ternate r.ngmg  of  a  bell  and  sounding  of  a  fog-horn  on  board  of  the 
light -vessel  at  intervals  not  exceeding  five  minutes. 

Canada  is  buoyed  on  the  same  system. 


England. 

SYSTEM    OP  BUOYAGE    IN    USE   BY   THE   CORPORATION    OP  TRINITY 

HOUSE   IN   BUOYING  NEW   CHANNELS. 

The  side  of  the  channel  is  to  be  considered  starboard  or  port  with 
reference  to  the  entrance  to  any  \)OYtfrom  seaward. 

The  entrance  of  channels  or  turning-points  shall  be  marked  by 
spiral  bucys,  with  or  without  staff  and  globe,  or  triangle,  cage,  etc. 

Single-colored  can  buoys,  either  black  or  red,  will  mark  the  star- 
board side,  aud  buoys  of  the  same  shape  and  color,  either  checkered, 
or  vertically  striped  with  white,  will  mark  the  port  side  ;  further 
distinction  will  be  given,  when  required,  by  the  use  of  spiral  buoys, 
with  or  without  staff  and  globe,  or  cage — globes  being  on  the  star- 
board hand  and  ca|?es  on  the  port  hand. 

Where  a  middle  ground  exists  in  a  channel,  each  end  of  it  will  be 
marked  lay  a  buoy  of  the  color  in  use  in  that  channel,  but  with  hor- 
izontal rings  of  white,  and  with  or  without  staff  and  diamond  or 
triangle,  as  may  be  desirable ;  in  case  of  its  being  of  such  extent  as 
to  reqai to  intermediate  buoys,  they  wVW\)e  co\oTft^«»a\ioTi\JaA«lde8 
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of  a  channeL     When  required,  the  outer  buoy  will  be  marked  by  a 
staff  and  diamond,  and  the  inner  one  by  a  staff  and  triangle. 
Wrecks  will  still  continue  to  be  marked  by  green  nun-buoys. 

Coloring  of  Buoys. 

As  regards  checkered  buoys,  each  buoy,  exclusive  of  the  nozzle, 
is  to  be  divided  IwrizontaUy  into  four,  and  verHcally  into  eight 
equal  parts ;  but  the  white  squares  are  then  to  be  further  reduced 
ty  one  inch  all  round,  being  colored  either  in  red  or  black,  .-.s  the 
case  may  be. 

As  regards  vertically  striped  buoys,  each  buoy  is  to  be  divided  into 
eight  parts,  and  each  division  is  to  be  alternately  colored  red  and 
white  or  black  and  white,  but  the  white  stripes  are  to  be  one-third 
narrower  than  the  black  or  red. 

As  regards  buoys  colored  in  horizontal  bands  or  stripes,  each  buoy 
is  to  be  divided  into  five  parts,  which  arc  to  be  colored  rtd  and  white 
or  black  and  white  alternately,  the  white  bands  being  one-third  nar- 
rower than  the  black  or  red. 
Ail  buoys  have  their  names  painted  on  them  in  conspicuous  letters. 


Ireland. 

By  direction  of  the  Trinity  House,  harbors,  rivers,  and  channels 
are  in  future  to  be  marked  by  either  black  or  red  buoys  on  the  star- 
board hand  when  entering  from  the  sea,  and  on  the  port  hand  by 
buoys  of  the  same  color  as  those  on  the  starboard  hand  with  the  ad- 
dition of  a  white  belt ;  and  middle  dangers  to  be  marked  by  white 
buoys  surmounted  by  a  black  beacon. 


Scotland. 

SYSTEM  ADOPTED    BY  THE  COMMISSIONERS  OF  NORTHERN    LIGHT- 

nOUSES. 

Entering  port,  etc.,  from  seaward,  red  iuoys  must  \i^\ei\.  w^*Oaa 
starboard  hand  in  paBsing  in. 
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Entering  port,  etc.,  from  seaward,  Uiiek  buoys  mast  be  le 
port  hand  in  passing  in. 

Bnojs  painted  r^  and  black  are  placed  on  detached  dan{ 
may  be  passed  on  either  hand. 

Fairway  buoys  are  plainly  marked.  Wreck  buoys  are 
green. 

All  buoys  have  their  names  painted  on  them. 


Liverpool  is  buoyed  on  the  same  system. 


France. 

Oil  entering  a  channel  from  seaward,  all  buoys  and  beacon 
red  with  a  white  band  near  the  summit  must  be  left  to  st 
those  painted  black  must  be  left  to  port ;  buoys  that  can  b 
either  side  are  colored  red  with  black  Jiorvsontal  bands,  Thi 
a  beacon  beiow  the  level  of  high  water  and  all  warping  b 
colored  white.  The  small  rocky  heads  in  channels  are  color 
same  way  as  the  beacons,  when  they  have  a  surface  8ufS.cie 
spiouous. 

Each  buoy  has  upon  it  the  name  of  the  danger  it  is  meai 
tinguish ;  likewise  its  number,  commencing  from  seaward, 
numbers  are  on  the  red  buoys,  and  the  odd  numbers  on  the  bla< 
The  letters  and  numbers  are  white^  and  from  10  to  12  : 
length.  All  jettyheads  and  turrets  are  colored  above  half-ti 
and  on  the  former  a  scale  of  metres  is  marked  from  the  sa 


Holland. 

On  entering  the  channel,  etc. ,  from  seaward,  white  bvxyys 
left  on  the  starboard  hand,  and  bUmk  buoys  on  the  port  ban 


Belgium. 
Same  system  as  Holland. 
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T'abls  Showing  the  Depth  of  Water  In  tha  OIuuidbIs  of  Varions 
Harbors,  HiTers,  and  Anchorages  on  the  Ooait  of  the 
Uoited  Btatsi. 
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Table  Sho-wing  Depth  of  Water. — Continued. 


Hudson  River  . 
Delaware  Baj'  . 

Delaware  River 


Chesapeake  Bay 


Potomac  River.  ^■. 
York  River,  Va.  . 
Jameti  River,  Va. 


Sing  Sing  to  Haverstraw 

Haverstraw  to  Peekskill 

Main  Channel,  passing  Delaware  Breakwatt»r. 

OflP  Brandy  wine  L.  H 

Main  Channel  to  Bombay  Hook  L 

Main  Channel,  Liston's  Point 

Main  Channel  to  Reedy  Island 

Main  Channel,  Reedy  Island  L.  H 

Oppoeite  Delaware  City 

Up  to  Marcus  Hook 

Opposite  Chester 

Bar  off  Hog  Island 

Greenwich  Point  to  Philadelphia 

Capes  at  Entrance  to  Hampton  Roads 

Anchorage,  Hampton  Roads 

Hampton  Roads  to  SewelPs  Point 

S.  of  Seweirs  Point  (one  mile  and  a  half) 

Up  to  Norfolk 

Himpton  Roads  to  James  River 


Elizabeth  River,  Va.  , 
Hatt<Tas  Inlet,  N.  C. , 

Acracoko  Inlet 

Albemarle  Sound 

North  River,  N.  C 

Beaufort,  N.  C 

Cape  Pear 

Georgetown,  S.  C.  . . , 

Bull's  Bay , 


Tail  of  York  Spit  to  Yorktown 

White  Shoal  Bar 

Up  to  Jamestown  Island  Bar 

Channel  to  one  mile  above  dtHjp  water  K 

Jamestown  Island  Bar 

Harrison's  Bar 

Trent's  Reach    

Warwick  Bar 

Richmond  Bar 

Norfolk  to  Navy  Yaril 

Bar 


H. 


2(i 

27 

61 

43 

27  5 

20 

20 

24.5 

«0 

20.5 

24.5 

18.5 

21.5 

80 

59 

25 

21 

23 

27 

33 
16 
19 
2:] 
15 
13.5 
^.5 
12.5 


K    I 


25. 


Over  Bulkhead  into  Pamlico  Soimd  

Bar 

Anchorage  Wallico'a  Channel 

Light-boat  off  Carvou'.s  Point 

Up  the  Sound  to  Martin's  Point 

At  Entrance,  and  7  miles  up  from  Albemarle  Sd. 

Main  Channel 

Througli  the  Slue 

New  Inlet  Bar .   

Entrance  to  Winyah  Buy 

Anchorage  inside  of  North  Island 

Up  to  Gijorgetown 

Bar 


I 


14 

7 
10 
19 

7 

5.5 

6.7 
15 

7 

8 

7 
27 

y 

13 
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Table  Showing  Depth  of  Water. — Continued. 

Harbor. 

• 

Location. 

Feet. 

inU'sBay 

Charleston,  S.  C 

Anchorage 

Main  Bar 

21 

11 
10 
11 
6.6 
12 
17 
14 
19.5 
19 
31 
11 
12 
13 
18 
15.5 
24 
15 
38 
21 

13 

11 

13 

22.5 

27 

21 

21 
3<) 
12 

7.5 
15 
19 

8 
19 
19.5 
18 
16 
14 
15.2 

\  \^ 

25.8 
16.1 

North  Channel 

15.1 

MaflBt's  Channel 

16.1 

Stone  Inlet 

Bar 

12.5 

North  Edisto 

Main  Channel 

17.8 

St.  Helena  Sonnd 

S.  Channel 

22.9 

8.  Edisto 

19.9 

Port  Royal 

Tybee  

8.  B.  Channel 

Bar  near  Tybee  Island 

25.9 
26 

Tybee  Roads 

38 

Savannah  .         

Channel  up  to  City 

8,  Channel  to  Vernon  River 

17.5 

Oasabaw  Sound 

18.6 

8.  Channel  to  Ogcechee  River 

14.6 

Sapelo  Sound 

Bar 

25 

Doboy  Bar  (Inlet)  .... 

Entrance  over  Bar 

22.1 

Anchorage  in  Sound 

30.6 

St  Bimon^s  Sonnd. . . . 

Bar 

21.8 

Entrance  to  Soiind 

Turtle  River  to  Bljrthe  Island 

44.8 
27.8 

To  Brunswick  over  Bar 

15.8 

To  Brunswick,  Channel 

19.8 

8t.Mary'H    

St.  Andrew's  Bay .... 

Bar 

16.8 

Mftin  Chwnnel,  Por 

14 

Ffeiuacola 

23.5 

Bar  to  Navy  Yard 

28 

Wharf  at  Fensaoola 

22 

KoUle  Bay  and  River. 

Outer  Bar 

22 

Main  Channel  to  Fort  Morgan 

37 

Kii«i8Bippi  S  3und 

To  Upper  Fleet 

Grant's  Pass  to  Pascagouin  Wharf 

13 

8.7 

Horn  Island  Pass,  over  Bar 

Anchoraee.  Horn  Island 

16.2 
20.2 

XXp  to  Pascagoula  Wharf 

9.2 

Ship  Island  Harbor  .. 
Catldand  Harbor 

Channel 

N.  W.  Channel 

Anchorage 

Ship  Channel 

20.3 
20.8 
19.3 
17.3 

8,  Pass 

15.3 

Shell  Bank  Channel 

16.5 

HiiBiseippi  Delta 

Pass  4  rOutre,  N.  Channel 

I  ViJ^i 

8.  Channel 

\  ^iikX 

Northeast  Pass 

Over  Bar  N.  Entrance 

i\^^»^ 

Southeast  Tana / 

Entering ' 

\  \\\ 

8 
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Table  Showing  Depth  of  Water — Continued, 


Harbor. 


South  Pass 

Southwest  Pa6a 

St.  John's  River,  Fla. . 


St.  Augustine. 
Florida  Beef.. 


Key  West. 


Tortugas  . . . 
Tampa  Bay. 


Waocasassa  Bay. 

Cedar  Keys 

St.  Mark's 


St.  Greorge's  Sound 

Apalachicola  

Barrataria  Bay 

Demidrc  or  Last  Island 
Atchafalaya  Bay  


Vermilion  Bay . . 
Calcasien  River. 

Sabine  Pass 

Galveston  Bay . . 
San  Luis  Phss.  . . 

Brazos  River 

Matagorda  Bay. 
ij'ansas  Pass. . , 
Bio  Grande 


Location. 


Channel 

Channel 

J3'^i  ■•••  ••••  ••  ■■••.  ••■••••« 

Channel  up  to  Jacksonville . 
Bar 


Cape  Florida  L.  H.  W.  S.  W.  f^  W 

Turtle  Harbor  entrance 

Inside  the  Reefs.  Hawk  Channel 

Key  Sambo  Channel 

Main  Channel  to  middle  buoy  on  Shotds. 

Shoals  to  Anchorage 

Sand  Key  Channel 

W.  Channel 

N.  W.  Channel 

S.  W.  Channel 

Bar. 


Channel  Egmont  and  Passage  Keys. 

Channel  to  Anchorage 

Main  Channel  over  Bar 

Up  to  Fort  St.  Mark's 

E.  entrance  over  Bar 


.Xnchorage 


Bar 

Up  to  Anchorage. . .    

Bar  of  Grand  Phss 

Grand  Pa.ssage  to  Independence  Island 

Channel  Inside,  and  N.  of  Ship  Isl'd  Shoal,  L.  S. 

Channel  N.  of  Ship  Island  Shoal 

Entrance  to  Cut-off  Channel  buoy 

Bulkhead 

Mouth  of  Atchafalaya  River 

Mid-channel  off  L.  H 

Entrance  over  Bar 

Bar 


Entrance  over  Bar 

Bar 

Bar 

Bar 

Aransas  Pass 

Channel  


Feel. 


8 

9.1 

16.5 

16.6 

7 

11.5 

S3 

25.1 

7 

11.2 

SO 

21.5 

26 

27.5 

11 

12.5 

84 

85.8 

27 

28.8 

80 

31.8 

27 

28.8 

80 

81.8 

45 

46.2 

54 

552 

1» 

20.4 

17 

18.4 

8 

10.6 

9 

11.5 

9 

11.6 

7 

9.5 

15.5 

17.1 

19 

20.6 

13 

14.1 

10 

ll.l 

7.5 

a7 

15 

16.2 

27 

28.4 

14 

16.4 

8 

9.6 

6.5 

ai 

48 

49.6 

42 

43.6 

5.5 

7.4 

7.5 

9 

12 

18.1 

8 

9.1 

8 

9.1 

9 

10.1 

9 

10.1 

4 

4.9 
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Table  Showing  Depth  of  Water. —  Continued. 

Pacific  Coast. 


Harbor. 


San  Di^o  Bay , 


San  Pedro 

Point  Dnma 

San  fiacnaventura 
Santa  Cruz  Island . . 

Santa  Barbara 

San  Miguel  Island. . 

Coxo  Harbor 

San  Lais  Obispo... 

San  Simeon 

lf(Miterey  Harbor. . 
Santa  Cruz  Harbor 
San  Francl&co  Bay. 


San  Francisco  Harbor, 
^are  Island  Straits. . . 


Location. 


Entrance 

Abreast  of  La  Plaza 

Point  Pedro  and  Dead  Man^s  Island. . . 

Anchorage 

Anchorage 

Anchorage,  PrisonerV  Harbor 

Anchorage  inside  of  Kelp 

Cnyler's  Harbor 

Anchorage 

Anchorage 

Harbor  Anchorage 

Anchorage 

Anchorage 

From  Four-fathom  Bank  to  S.  shore. . 

Rincon  Point 

Market  Street  Wharf 

Cunningham's  Wharf 

On  Bar 

Mid-channel 

Mid-channel,  Navy  Yard,  and  Vallejo. 
Inside  of  Breakers,  Dnxbnry  Reef. ... 

Inside  the  Point 

Bar 

Inside  of  Reef,  off  Point. 

Haven^s  Anchoruge 

Anchorage 

Anchorage 

Anchorage 

Channel 

Anchorage  off  City 


Ballenas  Bay 

Sir  Francis  Drake's  Bay 

TomalesBay 

Bodega  Bav 

Coast 

Albion  River 

Mendocino  City 

Shelter  Cove 

Humboldt  Bay 

Crescent  City  Harbor 

Ewing  Harbor Anchorage . 

KoosBay jBar 

Umpqua  River 'On  Bar,  opposite  Mid-channel. 

Columbia  River |N.  Channel  to  Baker's  Bay. . . 

I  Entrance  into  S.  Channel 

I  On  Bar  of  S.  Channel 

Shoalwater  Bay !  On  Bar 

S.  Channel 

Grenville  Harbor 'Anchorage 

Ne^-ah  Harbor  Anchorage 

False  Dnngeneas Anchorage 

New  Dungraiew. lAnchoToge ,, .. 


Jfeet* 


87.4 

81.8 

18 

21.9 

18 

21.9 

64 

58 

86 

40 

75 

79 

18 

22 

87 

41.1 

30 

34 

33 

36.8 

24 

27.8 

42 

46.9 

27 

81.6 

28 

32.1 

66 

70.1 

64 

68.1 

36 

40.1 

33 

87.1 

26 

30.5 

25 

30.6 

24 

28.1 

17 

21.1 

10 

14.1 

86 

40.1 

48 

62.3 

48 

62.4 

30 

84,4 

22 

26.6 

20 

24.7 

21 

26.2 

46 

61.7 

11 

16.7 

13 

19 

24 

30.5 

19 

26.6 

16 

22.6 

18 

24.6 

25 

31.6 

22 

28.6 

^ 

\«a& 

.  ^ 

\^A 

\  «» 

\  ^\A 
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DEPTH  OP  WATER. 


Ssc.  II 


Table  Showing  Depth  of  Water — Continued, 


Harbor. 


Smith's  Island,  N.  side 

Bellingham  Bay 

Fort  Townshend 

Port  Ludlow 

Port  Gamble 

Seattle. .  - 

Blakely  Harbor 

Steilacoom  Harbor 

Olympia  Harbor 


Location. 


Anchorage.. 
Anchorage.. 
Anchorage.. 
Anchorage.. 
Anchorage.. 
Anchorage.. 
Anchorage. . 
Anchorage. . 
Mid-channel 


Feet. 


25 

81.4 

18 

24.4 

48 

54.4 

86 

42.4 

18 

34.4 

ao 

28 

46 

54 

18 

29.5 

11 

22^ 

Section  Z. 


WBATHXSR,  BAROBSETER,  THBRMOMBTER,  BTO. 

WINDS,  SQUALLS,  REVOLVINa  STORMS^ 

HURRICANES,  LAW  OF  STORM3, 

ETC.    lOE. 

TlDBS,  TIDAL  OBSERVATIONS,  TIDE   QAUQES,  ETC. 

CURRENT  OBSERVATIONS.    OCEAN  OURRENTa 

HTDROGRAPHIO  INFORMATION. 

TO  REDUCE  SOUNDINGS  TO  LOW  WATER. 


MERIDIANS  ADOPTED  IN  THE  CONSTRUCTION  OF 

FOREIQN  CHARTS. 

HTDROORAPmO  ABBREVIATIONS,  ETC. 
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SYMBOLS. 

*  fepresents  Blue  sky.  q  represents  SquaDy. 

Clouds  (detached).  r          "  Rain. 

Drizzling  rain.  »          **  Snow. 

Foggy.  t          •'  Thunder. 

Gloomy.  «         '*  Ugly  (threatening). 

Hail.  1  objects  at  a  dis- 

Lightning  v         ^  Visibility  <    tance  very   dis- 

Misty  (hazy).  (   tinct. 

Overcast.  to        "  Wet  (dew). 
Passing  showers. 

A  bar  ( — )  nnder  any  letter  augments  its  signification:  thus, 

/  very  foggy,  r  heavy  rain,  r  heavy  and  continuing  rain. 


General  Remarks.* 

COLOR  OF  SKT. 

A  few  of  the  mord  marked  signs  of  weather  are  the  following  : 

A  rosy  sky  at  sunset  presages  fine  weather ;  a  sickly  gr.:enish  hue 

^wind  and  rain  ;  tawny  or  coppery  clouds — wind ;  a  dark  (or  Indian) 

red— rain  ;  a  red  sky  in  the  morning — fine  weather ;  a  high  dawn — 

wind ;  a  low  dawn — fair  weather ;  soft-looking  or  delicate  clouds 

foretell  fine  weather,  with  moderate  or  light  breezes ;  hard-edged, 

oily-looking  clouds— wind.     A  dark  gloomy  blue  sky  is  windy,  but  a 

bright  blue  sky  indicates  fine  weather.     Generally,  the  softer  clouds 

look  the  less  wind,  but  perhaps  more  rain  may  be  expected ;  and  the 

harder,  more  '^greaey,"  tufted,  rolled,  or  ragged,  the  stronger  the 

jooming  wind  will  prove.     AJso,  a  light-yellow  sky  at  sunset  presages 

rwind  ;  a  very  pale  yellow — wet;  orange  color — wind  and  rain  ;  and 

Ihus  the  coming  events  may  be  very  nearly  foretold,  and,  if  aided  by 

instruments,  almost  exactly. 

CLOUDS. 

The  scale  generally  adopted  for  denoting  the  amount  of  cloud  is 
0  to  10  :  0  indicating  a  clear  sky  ;  5,  a  sky  half -covered  ;  and  10,  the 
sky  wholly  obscnred. 

*  FortionB  of  these  remarks  are  extracted  from  Bedford^s  Pocket  Book. 
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Light,  delicate,  quiet  tints  or  colors,  with  soft  indefiuite  forms  o 
clouds,  indicate  and  accompany  fine  weather;  but  gandy  or  un 
usual  hues,  with  hard,  definitely  outlined  clouds,  foretell  rain,  an 
probably  strong  wind. 

Small  inky-looking  clouds  foretell  rain  ;  light  scud  clouds  drivin 
across  heavy  masses  show  wind  and  rain  ;  but,  if  alone,  may  indicat 
wind  only — proportionate  to  their  motion. 

High  upper  clouds  crossing  the  sun,  moon,  or  stars,  in  a  directio: 
different  from  that  of  the  lower  clouds,  or  the  wind  then  felt  belo^ 
foretell  a  change  of  wind  toward  their  direction. 

After  fine  clear  weather,  the  first  signs  in  a  sky  of  a  comin 
change  are  usually  light  streaks,  curls,  wisps,  or  mottled  patches  c 
white  distant  cloud,  which  increase  and  are  followed  by  an  overcasl 
ing  of  murky  vapor  that  grows  into  cloudiness.  This  appearano€ 
more  or  less  oily  or  watery,  as  wind  or  rain  will  prevail,  is  an  infall: 
ble  sign. 

Usually  the  higher  and  more  distant  such  clouds  seem  to  be,  th 
more  gradual,  but  general,  the  coming  change  of  weather  will  prove 

Misty  clouds  forming  or  hanging  on  heights^  show  wind  and  rai 
coming  if  they  remain,  increase,  or  descend.  If  they  rise  or  dii 
perse,  the  weather  will  improve  or  become  fine. 

DESCRIPTION   OF   CLOUDS. 

Cirrus  cloud  consis's  of  streaks,  wisps,  and  fibres,  vulgarl 
called  ''mare's  tails,"  which  may  increase  in  any  or  all  directiont 
Of  all  clouds  it  has  the  least  density,  the  greatest  elevation,  and  th 
greatest  variety  of  extent  aud  direction,  or  figure. 

It  remains  for  a  short  time  when  found  in  the  lower  parts  of  th 
atmosphere  and  near  other  clouds,  and  longest  when  alone  in  th 
sky  and  at  a  great  height.  When  streaks  of  cirrus  run  quite  acrofi 
the  sky  in  the  direction  in  which  a  light  wind  happens  to  blow,  th 
wind  will  probably  soon  blow  hard,  but  remain  steady.  When  th 
fine  threads  of  the  cirrus  appear  blown  or  brushed  backward  at  on 
end,  as.  if  by  a  wind  prevailing  in  these  elevated  regions,  the  win 
on  the  surface  will  ultimately  veer  round  to  that  point. 

Cumulus,  a  cloud  in  dense  convex  heaps  in  rounded  forms  d< 
finitely  terminated  above  ;  the  lower  surface  remains  roughly  hor 
zontal. 
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When  of  moderate  height  and  size,  of  well-defined  carved  outline, 
and  appearing  only  daring  the  heat  of  the  day,  they  indicate  a  contin-' 
uance  of  fair  weather.  Bat  when  they  increase  with  gpreat  rapidity, 
Rink  down  to  the  lower  parts  of  the  atmosphere,  and  do  not  dis- 
appear toward  evening,  rain  may  be  expected. 

Stratus  is  a  continaoos  extended  sheet  of  cloud,  increasing  from 
below  apward.  It  is  the  lowest  sort  of  cloud.  It  generally  forms 
aboat  sonset,  gro  /rs  denser  during  the  night,  and  disappears  about 

sunrise. 

CiBRo-duMUiins  is  composed  of  well-defined,  small,  rounded 
niasses,  lying  near  each  other,  and  quite  separated  by  intervals  of 
4y.  It  ia  commonly  known  a«*  a  **  mackerel  sky ;"  it  occurs  fre- 
quently in  summer,  and  is  attendant  on  warm  and  dry  weather. 

Cirro-stratus. — Taia  cloud  partakes  partly  of  the  characteristics 
of  the  cirru<3  and  stratus.  In  distinguishing  it,  attention  must  be 
I>aid,  not  so  much  to  the  form,  which  is  very  variable,  but  to  the 
stmctare,  which  is  dense  in  the  middle  and  thin  toward  the  edges. 
It  is  a  precursor  of  storms,  and  from  its  greater  or  less  abundance 
and  permanence,  it  gives  some  indication  of  the  time  when  the  storm 
Qiay  be  expected. 

Cumulo-Str.vtu8. — This  cloud  is  formed  by  the  cirro-stratus 
bleading  with  the  cumulus,  either  among  its  piled-up  heaps,  or 
spreading  underneath  its  base  as  a  horizontal  layer  of  vapor. 

CuMULO  Oirro-Stratus  or  Nimbus. — This  is  the  rain-cloud. 
At  a  considerable  height  a  sheet  of  cirro-stratus  cloud  is  spread  out, 
tuder  which  cumulus  clouds  drift  from  windward ;  these,  rapidly 
iiicreasing,  unite  at  all  points,  forming  one  continuous  mass,  from 
which  rain  falls.  I 

Scud. — When  a  rain  cloud  is  seen  approaching  at  a  distance,  cirri 
appear  to  shoot  out  from  its  top  in  all  directions,  and  it  has  been 
observed  that  the  more  copious  the  rainfall,  the  greater  is  the  num- 
ber  of  cirri  thrown  out  from  the  cloud. 

Rainbows. — "A  rainbow  in  the  morning — 
Sailors  take  warning ; 
A  rainboiv  at  night 
Is  the  Bailor* B  delight.^^ 
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Morning  rainbows  indicate  the  adyanoe  of  lain-doud  from  the 
west  when  it  is  clear  in  the  east ;  and  the  fall  of  rain  at  the  time  of 
day  when  the  temperature  should  be  rising,  is  regarded  as  a  prognos- 
tic of  a  change  to  wet,  stormy  weather. 

On  the  contrary,  the  conditions  under  which  a  rainbow  can  appear 
in  the  evening  are  :  the  passing  of  the  rain-cloud  to  the  east,  and  a 
clearing  up  in  the  west  at  the  time  of  day  when  the  temperature 
has  begun  to  fall,  thus  indicating  a  change  from  wet  to  dry  weather. 

**  The  evening  gray  and  the  morning  red, 
Put  on  your  hat,  or  you'll  wet  your  heiad.'' 

This  does  not  refer  to  a  higJi  red  dawn,  which  may  be  regarded  as 
a  prognostic  of  settled  weather.  But  if  clouds  be  red  and  lowering 
later  in  the  morning,  it  may  be  accepted  as  a  sign  of  rain. 

THE  BAROMETER. 

The  barometer,  feeling  the  pressure  of  the  air,  shows  at  once 
when  that  pressure  is  changing.  If  the  pressure  at  one  place  on  the 
earth's  surface  be  greater  than  at  another,  the  air  has  a  tendency  to 
move  from  the  place  where  the  pressure  is  greater,  toward  that  where 
it  is  less,  and  thus  ijcind  is  caused. 

A  change  of  weather  comes  almost  always  with  a  change  of  wind, 
and  the  extent  of  this  change  of  weather  depends  on  the  fact  of  the 
new  wind  being  warmer  or  colder,  damper  or  drier,  than  that  which 
has  been  blowing.  Any  conclusions  drawn  from  its  movements  must 
be  checked  by  observations  of  temperature,  moisture  of  the  air, 
present  direction  and  force  of  wind,  and  suite  of  the  sky,  before 
any  correct  opinion  can  be  formed  as  to  what  may  be  expected.  In 
general,  whenever  the  level  of  the  mercury  continues  steady,  settled 
weather  may  be  expected ;  but  when  it  is  unsteady  a  change  must 
be  looked  for,  and  perhaps  a  gale. 

A  sudden  rise  of  the  barometer  is  very  nearly  as  bad  a  sign  as  a 
sudden  fall,  because  it  shows  that  atmospherical  equilibrium  is  un- 
steady. In  an  ordinary  gale  the  wind  often  blows  hardest  when  the 
barometer  is  just  beginning  to  rise,  directly  after  having  been  very 
low. 
Besides  these  rules  for  the  instrument*,  t\iex^  \&^T\>\&Q.bQut  the 
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way  in  which  the  wind  changes  which  ia  very  importanib    It  is  well 
known  to  every  sftiloi,  and  is  contained  in  the  following  couplet : 

''When  the  wind  shifts  against  the  sun. 
Trust  it  not,  for  back  it  will  run." 

The  wind  usually  shifts  with  the  sun,  i.e.,  from  left  to  right,  in 
the  Northern  Hbmisphbke.  A  change  in  this  direction  is  called 
veering. 

Thus  an  East  wind  shifts  to  West  through  Southeast ;  South,  South- 
west ;  and  a  West  wind  shifts  to  East  through  Northwest,  North, 
and  Northeast 

If  the  wind  shifts  the  opposite  way,  viz. ,  from  West  to  Southwest, 
South,  and  Southeast,  the  change  is  called  hacking,  and  it  seldom  oc- 
curs unless  when  the  weather  is  unsettled. 

However,  slight  changes  of  wind  do  not  follow  this  rule  exactly ; 
for  instance,  the  wind  often  shifts  from  southwest  to  south  and  back 
again. 

In  the  Southern  Hemisphere  the  motion  toith  the  sun  is,  of 
course,  from  right  to  left,  and,  therefore,  the  above  rules  will 
necessarily  be  reversed. 

Admiral  Fitzrot  proposed  the  following  words  for  barometer 
scales: — 


RISE. 

For 

North 

N.W.— N.— B. 

Dry 

or 

less 
Wind. 

Except 

Wet  from 

North. 


PALL. 

For 

South 

S.E.— S.— W. 

Wet 

or 

more 

Wind. 

Except 

Wet  from 

North. 


Buys-Ballot's  Law. 

The  law  connecting  barometric  pressure  with  the  direction  of  wind 
which  has  been  proposed  by  Professor  BUY8-B\iiiiOT,  mo^  \i^  ^feaX*^^ 
thus  :  If  there  be  a  differeaoe  between  the  barometixvc  x^^j^va^^^  ^ 
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any  two  stations,  the  wind  will  blow  at  right  angles  to  the  line  joining 
these  two  places,  and  the  observer,  Btanding  with  his  back  to  the' 
wind,  will  have  the  place  where  the  reading  is  lowest  on  the  left 
hand  side  in  the  Northern  Hemispiibre,  bat  on  the  right  hand 
side  in  the  Southern  Hemisphere. 

No  reading  from  a  barometer  which  is  not  hanging  truly  vertioally 
should  ever  be  recorded. 

THE  ANEROID. 

In  the  aneroid,  atmospheric  pressure  is  measured  by  its  effect  in 
altering  the  shape  of  a  small,  hermetically-sealed  metallic  box,  from 
which  almost  all  the  air  has  been  withdrawn,  and  which  is  kept  from 
collapsing  by  a  spring. 

When  atmospheric  pressure  rises  above  the  amount  which  was 
recorded  when  the  instrument  was  made,  the  top  is  forced  inwards, 
and  vice  versa^  when  pressure  falls  below  that  amount,  the  top  is 
forced  outwards  by  the  spring. 

These  motions  are  transferred  by  a  system  of  levers  and  springs  to 
a  hand,  wh:ch  moves  on  a  dial  like  that  of  a  wheel  barometer. 
This  instrument  is  very  sensitive,  showing  minute  changes  that  are 
concealed  by  the  pumping  of  the  quicksilver,  even  in  the  best  con- 
structed marine  barometer,  when  the  motion  of  the  ship  is  violent. 
The  aneroid  can  be  registered  wit^h  great  facility,  and,  being  portable, 
may  be  watched  constantly  when  the  marine  barometer  may  not  be 
accessible ;  nevertheless  it  should,  when  opportunity  offers,  be  com- 
pared with  a  good  mercurial  barometer. 

Range  of  the  Barometer. — The  average  range  of  the  barometer 
in  the  higher  latitudes  (BO^-GO')  is  about  1.5  inches,  but  on  extraor- 
dinary occasions,  ranges  of  2.75  and  3  inches  have  been  recorded. 

In  the  intertropical  regions  the  range  varies  from  0.4  to  0.2  inches, 
and  in  the  neighborhood  of  the  equator  it  seldom  exceeds  0. 15  inches, 
this  small  change  being  due  in  great  part  to  a  regular  diurnal  varia- 
tion. The  average  movement  of  the  barometer  within  the  tropica 
being  thus  confined  within  small  limits,  any  interruption  to  the  law 
may  be  deemed  a  warning  of  the  approach  of  bad  weather. 

The  fall  of  the  barometer  in  hurricanes  ranges  from  1.0  to  2.0, 
and  even  2.5  inches;  the  rapidity  of  the  fall  and  the  depression  of 
^/is  mercury  jncreaaea  as  the  centre  ot  t\ie  etiotxa.  tt<^vT^^c£Le«L 
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North  Atlantic  Ocean. 
Mean  Barometric  Pressure  Reduced  to  32°  Fahrenheit. 


Latitude. 

Jan. 

Feb. 

March. 

April. 

May. 

June. 

,  u 

In. 

In. 

In. 

In. 

In. 

In. 

^5(^'to4B« 

80.15 

80.12 

39.90 

29.96 

29.94 

80.00 

45"  to  40° 

80.16 

80.11 

30.10 

80.01 

80.03 

80.05 

40«to.%«' 

80.18 

80.07 

80.12 

80.06 

80.07 

30.20 

35"to80« 

80.23 

80.14 

80.10 

80.16 

80.12 

80.20 

»     "^     30«to3B» 

80.17 

80.28 

80.13 

80.17 

80.22 

30.23 

2B»to20o 

80.10 

80.11 

80.10 

80.10 

80.14 

30.16 

20«tol5» 

80.01 

80.00 

80.04 

30.00 

30.06 

30.03 

IS-tolO- 

S9  96 

29.97 

29.90 

29.97 

29.99 

29.96 

10»to  B" 

S9.90 

29.94 

29.91 

29.92 

29.94 

29.94 

e»to  0« 

39.88 

29.91 

29.89 

29.90 

29.92 

29.93 

Latitnde. 

Jaly. 

Angoftt. 

Bept 

Oct. 

Nov. 

Bee. 

1  H       • 

In. 

In. 

In. 

In. 

In. 

In. 

5     Jt3  ^ 

r50»to45«» 

80.06 

80.08 

80.00 

29.93 

80.07 

30.06 

u^9!^ 

45<>to40«» 

88.17 

80.10 

80.04 

30.01 

29.98 

m.m 

"•^  «"fi" 

40«'to8»' 

80.19 

80.16 

80.11 

30.09 

80.02 

80.06 

gg^a 

.85«to80o 

80.24 

80.19 

80.15 

80.18 

80.03 

3(1.18 

•^  »    ^    80»  to  aB«» 

80.19 

80.16 

30.10 

80.14 

80.06 

80  18 

26»to30« 

80.09 

80.07 

80.82 

80.07 

80.01 

80.06 

ao<>toiB« 

80.00 

80.00 

29.99 

29.99 

29.98 

80.01 

Itt-tplO* 

29.97 

29.93 

29.93 

29.95 

29.96 

29  96 

10<»to  B^ 

29.96 

29.97 

29.95 

29.93 

29.94 

29.91 

B»io   O* 

39.96 

89.97 

29.96 

29.95 

29.92 

29.91 

In  the  NoRTHBBH  HbMisfhbrb,  the  effect  of  the  veering  of  the 
wind  on  the  barometer  ia  aooording  to  the  following  law  : 

Witii  East,  S.B.,  Sonth  winds,  barometer  falls. 

8.W.  **  **         ceases  to  fall,  begins  to  rise. 

West,  N.W.,  North  *«  "         rises. 

N.H  *  **  '*         ceases  to  rise,  begins  to  fall. 
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South  Atlantic  Ocean. 
Mean  Barometric  Pressure  Reduced  to  32°  Fahrenheit. 


Latitude. 

Jan. 

Feb. 

March. 

April. 

Hay. 

June. 

In. 

In. 

In. 

In. 

In 

In. 

0"to    5« 

29.89 

29.91 

29.90 

29.92 

29.94 

29.94 

5<>  to  10« 

29.96 

29.94 

29.94 

29.94 

80.04 

80.05 

lO"  to  15« 

29.97 

29.98 

29.96 

29.99 

80.04 

80.05 

160  to  20° 

80.02 

30.01 

80.01 

80.03 

£0.09 

80.09 

20«  to  25<> 

30.06 

30.05 

80.07 

80.06 

80.06 

80.14 

26"  to  30<> 

30.07 

30.06 

80.06 

80.03 

80.14 

80.09 

30«  to  35° 

30.05 

80.05 

80.04 

80.08 

80.10 
•      29.^ 

80.04 

35"  to  40° 

29.98 

80.04 

30.02 

29.98 

29.90 

40°  to  45" 

29.92 

29.96 

29  99 

29.95 

29.98 

29.89 

45"  to  50" 

29.71 

29.78 

29.77 

29.76 

29.72 

29.66 

50"  to  55" 

29.41 

29.44 

29.49 

29.44 

29.41 

29  48 

55"  to  60° 

29.25 

29.23 

29.25 

29.20 

29.26 

29.28 

Latitude. 

July. 

August. 

Sept 

Oct 

Nov. 

Dec. 

In. 

In. 

In. 

In. 

In. 

In. 

0°to   5" 

29.99 

30.00 

30.01 

29.96 

29.94 

29.93 

5"  to  10° 

80.02 

80.03 

30.03 

80.02 

29.99 

29.96 

10°  to  15" 

30.06 

30.06 

30.09 

80.07 

£0.04 

80.00 

15°  to  20" 

30.09 

3U.13 

30.11 

80.10 

80.06 

80.05 

20°  to  25° 

30.11 

30.16 

80.17 

80.18 

80.08 

80.08 

25°  to  30" 

80.13 

30.18 

30.13 

30.16 

80. C8 

80.08 

30°  to  35" 

30  12 

80.10 

30.10 

80.08 

80.09 

80.00 

35"  to  40" 

80  04 

29.94 

29.94 

80.06 

80.05 

29.97 

40"  to  45° 

29.95 

29.93 

29.96 

80.02 

29.94 

29.96 

45°  to  50° 

29.82 

29.83 

29.87 

29.77 

29.70 

29.67 

60°  to  66° 

29.53 

29.66 

29.67 

29.48 

29.81 

29.48 

55"  to  60" 

29.25 

29.28 

29.29 

29.10 

29.11 

29.31 

In  the  Southern  Hemisphere,  the  effect  of  the  veering  of  the 
wind  on  the  barometer  is  according  to  the  following  law  : 

With  East,  N.E.,  North  winds,  barometer  falls. 

N.W.  **  *'         ceases  to  fall,  begins  to  rise. 

West,  S.W.  **  "         rises. 


u 


<i 


S.E. 


C( 


(( 


ceases  to  rise,  begins  to  fall. 
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,bles  of  mean  barometric  pressure  in  the  North  and  South 
Oceans,  being  for  the  temperature  of  32°  Fahrenheit,  must 
ited  by  the  use  of  the  following  table  : 


Temperature  of  air. 

35** 

50" 
60" 
70" 
80" 
90" 


Correction. 

-fO.018 
+  0.031 
+  0.058 
+0.085 
+0.111 
+0.138 
H-0.164 


[ample :  In  the  Atlantic  Ocean  on  the  Equator,  with  the 
ic  table  showing  29.90  and  the  temperature  80°  Fahrenheit, 
rator^s  barometer  would  be  30.038. 


THB  THISRMOMBTER. 

barometer  shows  weight  and  pressure  of  the  air,  so  the 
leter  shows  heat  and  cold,  or  temperature, 
jsult  of  many  observations  show  that  in  the  Northern 
lERE  : — The  thermometer  rises  with  E.,  8  E.,  and  S.  winds; 
.  W.  wind  it  ceases  to  rise  and  begins  to  fall ;  it  falls  with 
,,  and  S.  winds ;  and  with  a  N.E.  wind  it  ceases  to  fall  and 
u.ise. 

the  Southern  Hemisphere: — The  thermometer  rises  with 
,  and  N.  winds ;  with  a  N.W.  wind  it  ceases  to  rise  and  be- 
fall; it  falls  with  W.,  S.W.,  and  S.  winds  ;  and  with  a  S.E. 
ceases  to  fall  and  begins  to  rise. 

8  the  use  of  the  thermometer,  in  conjunction  with  the  bar- 
m  foretelling  the  changes  of  weather,  the  seaman,  by  its  aid, 
[uently  derive  information  when  passing  from  one  ocean  cur- 
nother ;  it  also  may  give  warning  of  the  vicinity  of  ice. 
iheit*s  thermometer  is  generally  used  in  this  country,  and 
r*s  and  the  Centigrade  abroad. 

are  disadvantages  in  the  scales  of  Reaumut  aiv^  CJQ;vi\.\^T^^^^ 
igth  of  each  degree  is  much  greater  tbaaiiiYaSMer^i'feVC^^^DA. 


128  THE  THBRMOMETEB.  Sec.  III. 


not  so  easily  nor  accurately  read  when  the  mercary  is  between  the 
lines  of  division ;  and  the  temperatures  requiring  to  be  registered 
being  often  below  the  freezing  of  water,  are  always  obliged  to  be 
expressed  by  negative  signs. 

The  different  scales  are  easily  convertible  by  the  following  rules : 

Centigrade  to  Fahrenheit.     Multiply  by  9,  divide  by  5,  and 
add  32. 

Cent. 

R  C. -f32"=:F.,  or  100"  x  9=900-&-5=180+32=212*'  Fahrenheit. 

Reaumur  to  Fahrenheit.  Multiply  by  9,  divide  by  4,  and  add  32. 

Beau. 
i  R.  -f32°=F.,  or  80°  x  9=720-5-4=180  +  32=212''  Fahrenheit. 

Fahrenheit  to  Centigrade.     Subtract  32,  multiply  by  5,  and 
divide  by  9. 

Fahr. 
(F.— 32°.)  J=C.,  or  212''-32=180x5=900-i-9=100°  Centigrade. 

Fahrenheit  to  Reaumur.      Subtract  32,  multiply  by  4,  and 
divide  by  9. 

Fahr. 
(P.— 32°.)  i=R.,  or  212°-32=180x 4=720-5-9=80°  Reaumur. 

Centigrade  to  Reaumur.    Multiply  by  4,  and  divide  by  5. 

Cent 
J  C.=R.,  or  100°  x4-=400-4-5=80°  Reaumur. 

REAUMUR  TO  Centigrade.     Multiply  by  5  and  divide  by  4. 

JReau. 
5  R.=C.,  or  80°  x5=400-«-4=10d°  Centigrade. 
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Oomparison  of  the  Fahrenheit,  Oentigrade,  and  Reaumur  Ther- 
mometers. 


Fahren- 

Centi- 

Reau- 

Fahren- 

Centi- 

Reau- 

Fahren- 

Centi- 

B^u- 

heit. 

grade. 

mur.     I 

heit. 

grade. 

mur. 

heit. 

grade. 

mur. 

Deg. 

Deg. 

• 
Dcg. 

Deg. 

Deg. 

!>««. 

Deg. 

I>eg. 

Der. 

1 

-17.2 

-18.8 

86 

1.7 

1.8 

69 

20.6 

16.1 

2 

16.7 

13.3 

86 

2.2 

1.8 

70 

21.1 

16.9 

3 

16.1 

12.9    . 

87 

2.8 

2.2 

71 

21.7 

17.8 

4 

15.6 

12.4  . 

88 

8.3 

2.7 

72 

22.2 

17.8 

6 

15.0 

12.0 

89 

3.9 

8.1 

78 

22.8 

18.2 

6 

14.4 

11.6 

40 

4.4 

8.6 

74 

23.8 

18.7 

7 

13.9 

11.1 

41 

+  5.0 

+  4.0 

75 

23.9 

19.1 

8 

13.3 

10.7 

42 

5.6 

44 

76 

24.4 

19.6 

9 

12.8 

10.2 

43 

0.1 

4.9 

77 

25.0 

20.0 

10 

12.2 

9.8 

44 

6.7 

6.3 

78 

26.6 

20.4 

11 

-11.7 

9.3 

46 

7.2 

6.8 

79 

26.1 

20.9 

12 

11.1 

8.9 

46. 

7.8 

6.2 

80 

26.7 

21.3 

13 

10.6 

a4 

47 

8.8 

6.7 

81 

27.3 

21.8 

14 

10.0 

8.0 

48 

8.9 

7.1 

82 

27.8 

22.2 

15 

9.4 

7.6 

49 

9.4 

7.6 

m 

28.3 

22.7 

16 

8.9 

7.1 

60 

+10.0 

+  8.0 

84 

28.9 

23.1 

17 

8.3 

6.7 

61 

10.6 

8.4 

85 

29.4 

23.6 

18 

7.8 

6.2 

62 

11.1 

8.9 

86 

30.0 

24.0 

19 

7.2 

5.8 

68 

11.7 

9.8 

87 

30.0 

24.4 

20 

67 

5.8 

64 

12.2 

9.8 

88 

81.1 

24.9 

21 

-  6.1 

4.9 

66 

12.8 

10.2 

89 

317 

25.3 

22 

5.6 

44 

66 

13.3 

10.7 

90 

82.2 

26.8 

23 

5.0 

4.0 

57 

13.9 

11.1 

91 

32.8 

26.2 

24 

4.4 

3.6 

68 

14.4 

11.6 

92 

83.8 

26.7 

36 

8.9 

8.1 

69 

15.0 

12.0 

9:^ 

as.o 

27.1 

26 

8.8 

2.7 

60 

15.6 

12.4 

94 

84.4 

27.6 

27 

3.8 

2.2 

61 

16.1 

12.9 

95 

35.0 

28.0 

28 

2.3 

1.8 

02 

16.7 

13.3 

96 

35.6 

28.4 

29 

1.7 

1.8 

m 

17.2 

13.8 

97 

36.1 

28.9 

80 

1.1 

0.9 

64 

17.8 

14.2 

9« 

i«.7 

29.3 

31 

-  0.6 

-  0.4 

63 

18.3 

14.7 

99 

37.2 

29.8 

32 

0.0 

0.0 

m 

18.9 

15.1 

100 

37.8 

80.2 

33 

+  0.6 

+  0.4 

67 

19.4 

16.6 

34 

1.1 

0.9 

C8 

20.0 

16.0 
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Maxima  and  Minima  Thermometers. — The  object  of  these  is  to 

point  out,  in  the  absence  of  the  observer,  the  extremes  of  heat  and 
cold.  They  are  self -registering  and  yery  nsef  ol  instmments.  The  one 
generally  preferred  is  Rutherford's,  on  account  of  its  great  simpli' 
city  and  easy  adjustment  for  each  fresh  observation.  The  two 
thermometers,  that  is  the  one  for  registering  the  maxifna^  and  that 
for  regfistering  the  minima^  should  be  on  separate  mounting^  which 
may  be  either  of  wood  or  metal. 

Barometric  or  Boiling  Point  Thermometers. — The  object  of 
these  thermometers  is  to  ascertain  approximately  the  heights  of  places 
by  the  temperature  at  which  water  boils. 

Their  range  is  from  ISO*"  to  215''  Fahrenheit,  the  latter  being 
somewhat  above  the  temperature  at  which  water  boils  at  the  level  of 
the  sea  under  ordinary  circumstances,  and  the  former  a  temperature 
at  which  it  would  boil  at  an  elevation  of  between  17,000  and  18,000 
feet.  The  graduation  should  be  divided  into  fifths  or  tenths  of  a  de- 
gree. A  small  copper  pot  should  also  accompany  the  thermometers, 
into  which  they  are  to  be  adjusted. 

Thermometers  for  Ascertaining  the  Temperature  of  Water  at 
Great  Depths. — The  chief  peculiarities  of  these  thermometers  con- 
sists in  having  their  bulbs  enveloped  with  some  bad  conductor'  of 
heat,  RO  that  the  temperature  acquired  by  the  instrument  may.  be 
in  no  danger  of  changing  in  raising  it  through  strata  of  water  of 
different  temperatures.  Tow,  cotton,  wool,  linen,  pounded  charcoal, 
or  tallow  will  answer  the  purpose,  and  the  choice  of  these  will  de- 
pend upon  circumstances. 

Thermometer  for  Solar  Radiation. — A  maximum  register  ther- 
mometer, with  its  bulb  uniformly  blackened  with  lamp-black  and 
varnish,  may  be  used.  To  observe  the  solar  radiation  it  should  be 
set  about  an  inch  above  the  bare  soil  and  screened  from  currents  of 
air.  It  must  of  course  be  so  placed  as  lo  receive  the  full  influence 
of  the  sun's  direct  rays  at  those  hours  of  the  day  when  they  are 
hottest. 

Thermometer  for  Terrestrial  Radiation. — This  instrument  con- 
sists of  a  parabolic  metallic  mirror,  about  six  inches  in  diameter,  in 
the  focus  of  which  is  placed  the  bulb  of  a  register  spirit  thermome- 
ter, whose  graduated  stem  passes  through  sockets  in  the  sides  of  the 
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mirror,  where  it  is  accurately  adjusted  by  corks.  To  use  the  instru- 
ment, place  it  in  an  open  space  away  from  the  vicinity  of  high 
buildings,  trees,  etc.,  and  clear  of  the  ground.  In  all  cases  its 
height  above  the  ground,  the  nature  of  the  soil,  or  other  object  over 
which  it  is  placed,  should  be  noted. 

WINDS. 

Winds  are  named  from  the  direction  in  which  they  blow,  as  North 
foinds,  Edit  toindu^  etc.,  Land  and  Sea  breezes^  IVade  winds^  Mon- 
900718^  CydoneSy  Typ1won%^  Hurricanes^  I'omadoea^  etc.,  are  names 
used  to  designate  particular  classes  of  winds. 

In  the  Mediterranean,  various  local  names  are  applied  to  the 
winds,  as  follows : 

North. — Tramontana  and  Gli  SeccJd^  or  dry  winds,  by  the  Italians. 

N.C — The  GregoUe  of  the  Italians  and  Maltese  ;  the  Bora  of  the 
Adriatic, 

East. — Soiano  and  Levanter  of  the  Straits;  Levante,  Bentu  de 
SoUy  and  when  light,  GhoooUbtero  by  the  Italians. 

S.B. — Scirocco,  the  hot  debilitating  wind  of  South  Italy  and  Africa; 
MdledeUOy  Levante,  Mckzzo,  and  in  the  Adriatic,  when  strong,  Fu- 
riante, 

BouHx,— Mezzo  Gioimo;  from  S.  to  S.W.  Simoom^  Shume  or  Slume^ 
on  the  African  Coast. 

S.W. —  Vandavales  ;  also  Lebeches^  and  Viraaones,  by  the  Spanish. 
Libeecio  ;  when  gusty,  Labeschades  ;  and  when  very  stormy,  accom- 
panied by  lightning,  lain,  etc.,  it  is  called  OuragauH  by  the  Ital- 
ians.    Labbetchy  in  Algeria  ;  and  Siffanto  in  the  Adriatic. 

West. — It  is  called  in  the  Straits  of  Gibraltar  the  Liberator. 
Ponente  (strong)  by  the  Italians. 

N.W. — The  Mistral,  Mistrasu^  the  Bize,  and  GHjype,  also  the  Vent 
de  cer»  of  France.  Maestro^  Maestrale^  of  the  Italians ;  and  when 
light  it  IB  called  Mamatete  by  the  Sicilians. 
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N.N.W. — Provenzale  by  the  Italians  of  Livoma 

A  Sea  Breeze. — Imbattv. 

A  Land  Breeze. —  Vento  dl  Terra  or  Hamptnu, 

Land  Squalls. — Haggiature  by  the  Italians. 

Mountain  Storms. — Burrasche^  South  Italy,  and  Itafflclie  in 
Corsica. 

Golfada^  a  hard  gale.  Bonaeeia,  calms  between  land  and  sea 
breezes,  in  Italy. 

The  meeting  of  opposing  winds  is  called .  Contrmtes  by  the  Span- 
lards. 

Prevailing  winds  are  those  which  blow  a  great  portion  of  the  time 
from  one  direction,  such  as  the  trade  vpinds,  eta  South  and  south- 
west winds  prevail  on  the  west  coast  of  Africa  throughout  the  year. 

Periodical  winds  are  those  which  blow  from  a  certain  direction  at 
particular  seasons  in  each  year.  Such  are  the  monsoons.  On  the 
coast  of  Africa,  from  Gape  Verde  to  Sierra  Leone,  southwest  winds 
blow  from  June  to  September,  and  northwest  winds  from  October 
to  May ;  and  on  the  east  coast  of  Africa,  northerly  and  southerly 
winds  alternate  in  winter  and  summer.  The  Levante  blows  from 
about  northeast  in  the  ^geau  Sea,  from  about  .9  A.M.  throughout 
the  day. 

The  greater  portion  of  the  inter-trade  region  is  occupied  by  tari' 
able  winds,  depending  on  circumstances  of  temperature,  pressure, 
moisture,  and  magnetism  for  their  force  and  direction. 

As  a  rule,  barometric  changes  of  pressure  are  followed  by  changes 
in  the  wind  ;  and  these,  in  connection  with  changes  in  temperature, 
and  in  the  hygrometric  condition  of  the  atmosphere,  indicate  to  a 
certain  extent  the  nature  of  the  change  in  the  wind. 

When  the  wind  in  the  Northern  Hemisphere  shifts  from  left  to 
right — i.6.,  with  the  sun — it  is  said  to  hazd,  when  in  the  opposite  di- 
rection it  is  said  to  back.  This  is  reversed  in  the  Southern  Hemi- 
sphere. As  a  rule,  a  rise  in  the  barometer  indicates  dry  wibds;  a 
fall,  wet  winds. 


sbc.  m. 


WINDS. 


183 


Beaufort's  Scale. 

Soarly  velocity 
ia  milee. 

Scala 

state. 

Sail  carried. 

1 

0 

1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

13 

Calm. 

Light  airs 

Light  breeze 

Gentle  breeze 

Moderate  breeze. . . 

Fresh  breeze 

Strong  breeze...   . 
Moderate  gale  .... 

Fresh  gale     

Strong  gale 

Whole  gale 

Storm 

Steerage  way. 
Clean  full— 1  to  2  knots. 
3  to  4  knots. 
"          5  to  6  knots. 
With  royals. 

Topgallant  sails  over  single  reefs. 
Two  reefn  in  topsail. 
Three  reefs  in  topsail. 
Close-reefed  topsails  and  courses. 
Close  reefed  topsails  and  reefed  foresail. 
Storm  staysails. 
Bare  poles. 

8to    8    '.'.'.'," 

4  to    7 

»to  15 

15  to  18.  .. 

wto  22 ; 

23to  2S 

i«to  40 

40to  48 

«to  56 

Wto  80 

WtolOO 

Htmicane 

This  scale  of  numbers  is  in  oniyersal  use  to  denote  the  force  and 
Telocity  of  the  wind. 


Definitions  of  Oertain  Terms  in  Use. 

With  regard  to  the  position  of  the  ship,  she  is  doite  to  the  wind,  on 
a  wind,  or  by  the  wind,  when  the  yards  are  braced  up  and  the  wind 
oomes  from  a  quarter  from  four  to  six  points  on  the  bow.  The 
wind  is  a  head  wind,  a  le/xding  wind,  a.  free  wind,  a.  fair  wind,  a  large 
wtAd,  or  a  scant  wind^  according  as  it  blows  toward  the  sails  at  differ- 
ent angles  with  the  keel  line.  In  the  wind's  eye  means  directly  toward 
the  wind.  Between  wind  and  water,  near  the  water-line,  that  por- 
tion of  the  ship's  side  which,  when  she  rolls,  is  covered  and  un- 
covered by  the  water. 

When  the  wind  goes  toward  the  bow  of  a  ship  it  is  said  to  Tiaul, 
when  toward  the  stem,  to  veer  or  draw  aft. 

Wind  in  the  teeth — Wind  directly  ahead. 

Wind-gaU — A  luminous  halo  on  the  edge  of  a  distant  cloud,  gen- 
erally to  windward,  and  the  precursor  of  bad  weather.  Similar 
^OB  are  seen  to  leeward 
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Winds  in  the  Indian  Ocean. 


Arabian  Sea. 

Bay  of  Benoai.. 

China  Ska. 

November  to  March, 

November  to  March, 

October  to  Apri], 

N.E.  Moonson. 

N.E.  Monsoon. 

N.E.  Monsoon. 

Moderate  and  Fine. 

Moderate  and  Fine. 

Blows  fresh  in  Nov.,  Dec., 
and  Jan. 

May  to  September, 

May  to  September, 

May  to  September, 

S.W.  Monsoon. 

S.W.  Monsoon. 

S.W.  Monsoon. 

Blowing  fiercely,  with  bad 

weather  in  June  and  July  ; 

moderating  in  August. 

Blowing    fresh,   with  bad 

weather  in  J  une  and  July ; 

moderating  in  August. 

Moderate,  with  rain, 

strongest  in  June,  July 

and  August. 

Atlantic  Ccean. 

Average  Limits  of  the  Trade  Winds, 


Months. 


Northern 
Boundary 
N.E.  Trade 

Southern 
Boundary 

Breadth  of  Variable  Belt 


S.E.  Trade 


Northern 
Boundary 

Southern 
Boundary 


Haint  Seasons. 


Jan.,  Feb.,  I  April,  May, 
March.  June. 


25«N. 

2°N. 

120  miles. 

The  Equator 


27°  N. 

4*'N. 

180  miles. 

1°N. 


July,  Aug., 
fcept. 


23°  N. 

11°  N. 
500  miles. 

a^N. 


Oct.,  Nov., 
Dec. 


24«»  N. 

6«N. 

200  miles. 

S^N. 


A  line  drawn  from  the  Cape  of  Good  Hope  to  the 
Isles  of  Trinidad  and  Martin  Vaz. 


Guayana, 
Guayana  &    Brazil,  and 
North  Brazil  Africa(north 
—  I  of  the  Equa- 

Africa( south  .tor),  in  May 
of  the  and  June ; 

Equator).   \  Caribbean 
\Sea'm  ^wae. 


West  Indies 
and  Africa 

(north  of  the 
Equator). 

Brazil  in  Ju- 
ly and  Aug. 


Guayana  in 
Dec.,  Africa 
(south  of  the 
Equator)  in 
Nov.  &  Dec. 
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Average  Limits  of  tlie 


Pacific  Ocean. 

Trade  Winds  Eastward  of  t/ie  Meridian  of 
160°  West 


Months. 


i  Northern 
Boundary 
Sonthem 
Boundary 

Breadth  of  Variable  Belt 


/-  Northern 
Boundary 


S.E.  Trade    ^ 


Sonthem 
Boundary 


Raimy  Seasovs. 


Jan.,  Feb., 
Miurh. 


28°  N. 


8«>  N. 
aOOmilefl. 

4«  N. 

A  line  drawn 

from  Juan 

Fernandex 

through 

Easter  Isd. 

and  the 
Marquesas. 


April,  May, 
June. 


29«  N. 

10<»  N. 
450  miles. 

4«  N. 

A  line  drawn 

'fromSt.Felix 

Isd.  toward 

Tahiti,  as 

far  as  the 

Mer.  of 

185°  W. 


SandMrich 

Island 

and  Coast 

of  Ecuador. 

South 
Paoiflo  Isds. 


Mexico  and 

Central 

America  in 

June. 


July,  Aug., 
Sept. 


810  N. 

18»N. 

ISO  miles. 

9°  N. 


A  line  drawn 

fromStFelix 

Island  to 

Tahiti. 


Mexico  and 

Central 

America. 


Oct.,  Nov. 
Dec. 


28°  N. 

11°  N. 

800  miles. 

6°N. 

A  line  drawn 
from  Valpa- 
raiso toward 
Tahiti,  as  far 

as  the  Mer. 

of  136°  W. 


Sandwich 

Isds.  and 

Coast  of 

Ecuador  in 

December. 

South  Pacifio 

Islands  in 
Nov.  8i  Dec. 


Bast  Ooast  of  Africa  and  the  Mozambique  Channel. 

December  to  March,  April  to  November, 

Northerly  Winds.  Southerly  Winds. 

Between  the  Bquator  and  the  Parallel  of  lO"*  South. 

November  to  March, 

N.W.  or  Middle  Monsoon.    A  light  wind,  with  squads,  rains,  and  fre- 
quent calms. 
April  to  September, 

8,R  Trade. 
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Between  the  ParaUeU  of  10°  and  25°  or  30°  South. 

Constant  S.E.  Trade. 
Squalls. 

Generally  squalls  are  preceded,  accompanied,  or  followed  by 
clouds  ;  but  tbe  dangerous  ^*  white  squall  '*  (of  the  West  Indies  and 
otiier  regions)  is  indicated  only  by  a  rushing  sound,  and  by  white 
wave-crests. 

A  squall-cloud  that  can  be  seen  through  or  under  is  not  likely  to 
be  accompanied  by  so  much  wind  as  a  dark  continued  cloud  extend- 
ing beyond  the  horizon. 

The  rise  of  a  cloud,  its  more  or  less  disturbed  look— that  is, 
whether  it  is  much  agitated  and  continually  changing  form,  with 
scud  Hying  about;  or  whether  the  mass  of  doud  is  shapeless  or 
quiet,  though  floating  across  the  sky — foretells  more  or  less  wind  as 
the  case  may  be. 

Though  trite  and  simple,  there  is  so  much  truth  in  -some  of  the 
saws  about  wind  and  weather,  that  they  are  given  below. 

Adverting  to  the  barometer  : — 

When  rise  begins  after  low. 
Squalls  expect  and  clear  blow, 
or: — 

First  rise,  after  low, 
Indicates  a  stronger  blow. 
Also: — 

Long  foretold,  long  last. 
Short  notice,  soon  past. 

Referring  to  squalls : 

When  the  rain's  before  the  wind, 
Halliards,  sheets,  and  braces  mind. 
And: 

When  the  wind's  before  the  rain 
Soon  you  may  make  sail  again. 

Generally  speaking : 

When  the  glass  falls  low, 
Prepare  for  a  blow ; 
When  it  rises  high. 
Let  all  your  kites  fly. 
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Hurricanes,  Oyclones,  Typhoons. 

^ese  storms  are  progressive  revolidng  gales  of  g^reat  violence, 
^d  may  be  generally  described  as  immense  whirlwinds,  turning  round 
and  rolling  forwards  at  the  same  time. 

Velocity  of  Travel. — The  rate  or  velocity  of  translation  of  re- 
volving storms  varies  in  different  localities  ;  in  storms  passing  over 
^e  same  locality ;    and  even  in  -the  same  storm  duriug  different 
stages  of  its  existenc3.     The  average  rate  of  the  progressive  move- 
ment of  the  centre  of  the  West  Indian  hurricanes  is  about  three 
iiandred  miles  a  day  ;  of  those  in  the  Bay  of  Bengal  and  China  Sea, 
two  hundred  miles  a  day  ;  while  the  cyclones  of  the  Indian  Ocean 
vary  from  fifty  to  two  hundred  miles  in  the  twenty-four  hours. 

Dimensions. — The  storms  in  the  North  Atlantic  are  said  to  com- 
mence with  a  small  diameter,  and  then  to  increase  to  six  hundred 
or  one  thousand  miles  after  passing  from  the  tropical  regions.  lu 
the  South  Indian  Ocean  the  range  is  from  one  hundred  to  six  hundred 
miles,  and  in  the  China  Sea  from  eighty  to  four  hundred  miles. 

The  seasons  in  which  these  storms  prevail,  are  as  follows  : 

Hurricanes. — ^West  Indies  and  American  Coast ;  Coasts  of  Mexico 
and  Lower  California  in  North  Pacific  Ocean ;  July  to  October,  and 
occasionally  November.  In  South  Pacific  Ocean,  between  Austra- 
lian Coast)  and  Low  Archii>elago,  December  to  March. 

Cyclones. — Malabar  Coast  and  Bay  of  Bengal,  April  and  May, 
and  October  to  December.     South  Indian  Ocean,  December  to  ApriL 

T3rphoons. — China  Sea,  July  to  November.  Coasts  of  Japan, 
August,  September,  October. 

The  peculiar  characteristic  of  the  revolving  action  of  these  storms 
is,  that  in  each  hemisphere  of  the  world  the  gyration  invariably  takes 
place  in  one  direction,  and  that  direction  contrary  to  the  apparent 
course  of  the  sun ;  so  that  in  north  latitudes  these  storms  revolve 
from  right  to  left,  and  in  south  latitudes  from  left  to  right.  The 
knowledge  of  this  law  is  the  more  especially  important,  as  it  not 
only  supplies  the  seaman  with  direct  means  of  distinguishing  them 
f  roin  common  gales,  but  it  reveals  to  him  the  actual  position  of  the 
centre  or  vortex  with  respect  to  the  place  of  his  vessel,  and  there- 
fore points  out  the  way  to  escape  from  them. 
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Law  of  Stomui. — The  theoiy  of  the  motions  of  Hie  winds  within 
the  storm-area,  and  the  progressive  movement  of  the  storm,  dis- 
covered by  Redfield,  verified  bj  Beid,  and  confirmed  by  actoal  obser- 
vations at  sea,  is  generally  known  as  the  Law  of  btorms,  and  is 
based  on  the  supposition  that  the  air-currents  within  the  limits  of 
the  storm  disk  move  in  nearly  concentric  circles  round  a  centre  of 
low  pressure,  from  right  to  left,  or  against  the  hands  of  a  watch 
(face  up),  in  the  Northern  Hbmisphbre,  and  from  left  to  right, 
or  with  tiie  hands  of  a  watch,  in  the  Southern  Hbmispherb  ;  so 
that,  when  facing  the  wind,  the  centre  lies  on  the  right  hand  in 
the  Northern,  and  on  the  left  hand  in  the  Southern  Hemi- 
sphere. 

The  nearest  approach  to  the  true  average  motion  of  the  wind  is 
probably  a  spiral  curve,  any  small  portion  of  which  may,  for  all 
practical  purposes,  be  considered  the  arc  of  a  circle,  whose  centre 
coincides  with  the  storm  centre. 

Storm  Indications. — The  indications  of  the  approach  of  a  cyclone 
do  not  differ  materially  from  those  of  nn  ordinary  gale  ;  but  a  few, 
such  as  a  hard  steel-gray  sky,  or  a  sky  having  a  greenish  tint ;  a 
blood-red  or  bright  yellow  sunset ;  a  heavy  swell,  unaccounted  for  in 
any  other  way ;  and  a  thick,  lurid  appearance  of  the  sky,  may  be  re- 
garded, in  connection  with  a  general  threatening  appearance  of  the 
weather,  and  a  restless  state  of  the  barometer,  as  significant  signs  of 
a  more  than  ordinary  gale,  and  ought  not  to  be  disregarded. 

Barometer. — The  barometer  as  an  instrument  of  warning,  and 
also  as  an  approximate  measure  of  the  distance  from  the  centre  of 
a  cyclone,  is  of  vital  importance  to  the  seaman. 

First.  — The  barometer  generally  indicates  the  approach  of  a  storm 
by  a  restless,  oscillating  motion  of  the  mercury,  caused  by  a  dis- 
turbed condition  of  the  atmosphere  in  the  vicinity  of  the  storm.| 
These  oscillations  may  vary  from  a  just  perceptible  motion  to  0.03 
inch. 

Second. — The  barometer  often  rises  suddenly  just  in  front  of  a 

storm  by  reason  of  the  air  banking  up ;  therefore,  if  there  are  other 

storm   indications,  the  rise  in   the  barometer,  if   any  occurs,  is  no 

guarantee  that  it  will  not  come,  but  rather  a  sign  that  the  storm  will 

/be  severe. 
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Third. — A  very  rapid  fall  of  the  barometer,  after  fairly  entering 
the  storm-disk,  may  be  taken  as  evidence  of  a  violent  storm  of  small 
diameter,  and  a  gradual  fall  would  indicate  the  contrary. 

Fourth. — In  the  case  of  a  vessel  caught  in  a  cyclone  near  the 
land,  the  knowledge  of  her  distance  fiom  the  centre  may  be  all-im- 
portant, even  if  it  cannot  be  determined  nearer  than  fifty  miles,  and 
to  aid  navigators  in  determiniDg  the  distance  from  the  centre,  the 
following  table  from  Piddington^s  Hornbook  is  given  : 


.•  Average  fall  of  barometer  per  hour. 

DiHtance  in  milen  from  centre. 

From  0.02  to  0.06  inch. 
**      0.06   '•  0.08    '* 
**      0.08  •*  0.12    " 
"      0.12   •*  0.16    *' 

From  250  to  150 
♦•     150   "  100 
»•     100  '•     80 
•*       80   "     60 

When  the  navigator  has  reason  to  suspect  that  a  cyclone  is  not  far 
distant,  his  first  care  is  to  devise  a  plan  for  avoiding  it,  and  if  he 
knows  positively  the  direction  of  its  course,  this  may  often  be  accom- 
plished. 

An  inspection  of  a  cyclone-chart,  such  as  is  usually  at  hand,  will 
give  an  approximate  idea  of  the  storm^s  movement,  as  the  cyclone- 
tracks  generally  lie  in  the  same  direction,  but  it  does  not  follow  as  a 
matter  of  fact  that  every  cyclone  travels  over  the  beaten  track,  and 
hence  there  is  no  certainty  that  the  approaching  storm  will  do  so. 

By  a  knowledge  of  the  tracks  in  the  locality,  the  navigator  may, 
however,  try  to  avoid  it ;  but  if,  after  all  his  efforts,  he  is  still  caught 
in  the  storm,  he  must  at  once  determine  his  position  in  the  storm- 
disk,  and  the  course  of  the  storm. 

Rules. 

Heave  to,  so  as  to  remain  as  nearly  as  possible  stationary,  in  order 
to  observe  the  wind  during  the  first  depression  of  the  barometer,  and 
to  decide  from  it  the  course  for  escape. 

Bight  semicircle  :  Wind  changes  to  the  right,  iH..  !£».,  ^.,  wA'H^  «^ 
heave  to  on  ieiardoardtacA:. 
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Left  semicircle:  Wind  changes  to  the  left,  N.,  W.,  S.,  and  E., 
heave  to  on  port  tack. 

This  may  be  reduced  to  six  words,  bj  associating  the  direction  of 
the  change  of  the  wind  with  the  semicircle  of  the  storm  and  the 
tack  on  which  to  heave  to ;  hence,  we  have  for  the  right  semicircle  : 
Rights  right— starboard^  and  for  the  left  semicircle  :  L(ft^  left—j:ort. 

This  will  place  the  ship  in  a  safe  position,  north  or  south  of  the 
equator,  until  the  course  of  the  storm  is  determined. 

The  right  semicircle  is  that  portion  of  the  storm-disk  situated  on 
the  right  of  the  axis  of  the  storm-track,  looking  in  the  direction  of 
its  course ;  and  the  left  semicircle  the  portion  of  the  storm-disk  lying 
on  the  left  of  that  line. 

Rotation  of  Wind.— Northern  Hemisphere  :  From  Bight  to 
Left;  or,  in  nautical  language,  against  the  sun. 

Southern  Hemisphere  :  From  Left  to  Right ;  or  with  the  sun. 

Bearing  of  Centre.— Northern  Hemisphere  :  Eight  points  (90**) 
to  the  riglit  of  the  wind-point,  looking  in  the  wind^s  eye. 

Southern  Hemisphere  :  Eight  points  (90°)  to  the  left  of  the 
wind  poiDt,  looking  in  the  wind's  eye. 

Two  bearings  of  the  centre,  with  an  interval  of  two  to  three  hours 
between,  will  usually  be  sufficient  to  determine  the  course  of  the 
storm,  provided  an  accurate  account  of  the  ship's  way  has  been 
kept ;  but  with  slow- moving  storms  a  longer  interval  may  be  ne- 
cessary. 

There  are  only  two  points  in  the  disk  of  a  cyclone  where  a  vessel 
hove  to  will  not  experience  a  change  of  wind :  one  is  in  front  of  the 
centre  on  the  line  of  its  axis,  and  the  other  is  in  rear  of  the  centre 
on  the  same  line  ;  for  these  two  cases  the  barometer  must  be  the 
guide — in  front  of  the  centre  it  falls,  and  in  rear  of  the  centre  it 
rises. 

To  Run  Out  of  the  Storm  in  the  Northern  Hemisphere. 

Right  Semicircle. — Haul  by  the  wind  on  starboard  tack,  and 
carry  sail  as  long  as  possible.     If  obliged  to  heave  to,  do  so  on  star- 
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Left  Semicircle. — Bring  the  wind  on  starboard  quarter,  Note 
the  direction  of  the  ship's  head,  and  steer  that  course.  If  obliged  to 
heave  to,  do  so  on  port  tack. 

On  the  Storm-track  in  Front  op  Centre  :  square  away  and 
run  before  it.  Note  the  coarse  and  keep  it,  and  trim  the  yards  as 
the  wind  draws  on  the  starboard  quarter.  If  obliged  to  heave  to, 
do  so  on  port  tack. 

On  the  Storm-track  in  Bear  op  Centre  :  run  out  with  wind 
on  starboard  quarter^  or  heave  to  on  starboard  tack. 

To  Run  Out  of  the  Storm  in  the  Southern  Hemisphere. 

Rig  ut  S  emicikcle.  -r-Bring  wind  on  port  quarter.  Note  the  coarse 
and  keep  it.     If  obliged  to  heave  to,  do  so  on  starboard  tack. 

Left  Semicircle. — Haul  by  the  wind  on  port  tack.  Carry  sail 
as  long  as  possible,  and  if  obliged  to  heave  to,  do  so  on  port  ta^k. 

On  the  Storm-track  in  Front  op  Centre  ;  rim  before  it. 
Note  the  course  and  keep  it.  and  trim  the  yards  as  the  wind  hauls  on 
the  port  quarter.     If  obliged  to  heave  to,  do  no  on  starboard  tack. 

On  the  Storm-tback  in  Rear  op  Centre  :  ran  out  with  the 
wind  on  the  port  quarter,  or  heave  to  on  port  tack. 

A  rise  of  the  barometer,  and  a  gradual  diminution  of  the  force  of 
wind  will  result  from  the  above  manoeuvres ;  and  the  ship  should 
invariably  be  kept  on  her  course  until  it  is  made  evident,  by  the  im- 
provement of  the  weather,  that  she  is  out  of  danger. 

In  all  oases  where  sail  cannot  be  carried,  or  land  interferes,  the 
ship  must  be  hove  to  on  the  starboard  tack  in  the  right  semicircle, 
and  on  the  port  tack  in  the  left  semicircle. 

If  after  following  out  the  above  rules,  the  barometer  contiuues  to 
fall,  and  the  weather  becomes  worse,  it  is  evidence  that  the  indraft 
is  very  great,  and  in  extreme  cases,  where  it  is  found  impracticable 
to  avoid  the  centre  by  sailing,  the  vessel  should  be  hove  to  on  the 
proper  tack  and  made  snug  for  a  heavy  blow,  tiutil  the  centre  has 
passed. 
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Dove's  Tables. 

Indicating  lum  a  Ship  sJiould  be  Handled  in  a  RexoVoing  Storm  in  the 

Northern  Hemis^phere, 


Direction 
<'f  wind  at 
I  boKinning 
I  of  Htorm. 


1 
2 

8 

4 

5 

H 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 


N.W. 

N.W.  byN. 

N.N.W. 

N.  bv  W. 

N. 

N.  bv  E. 

N.N.E. 

N.E.  by  N. 

N.E. 

N.E.  by  E. 

E.N.E. 

E.  by  N. 

E. 

E.  by  S. 

E.S.E. 

S.E.  byE. 

S.E. 

S.E.  by  S. 

S.S.E. 

S.  by  E. 

S. 

S.  by  W. 

S.S.W. 

S.W.  by  S. 

S.W. 


Bearing 
of  centre 
irom  ship. 


N.E. 

N.E.  by  E. 

E.N.E. 

E.  by  N. 

E. 

E.  by  S. 

E.S.E. 

S.E.  by  E. 

S.E. 

S.E.  by  S. 

SS.E. 

S.  by  E. 

S. 

S.  by  W. 

S.S.W. 

S.W.  by  S. 

S  w 

S.W.'  by  W. 
W.S.W. 
W.  by  S. 

W. 

W.  by  N. 

W.N.W. 

N.W.  by  W. 

N.W. 


If  the  Rhif  t  of 
wind  bo  from 


N.W,  toward 
N.W.  byN.  " 
iN.N.W.  * 

N.  by  W.       " 

In. 

N.  by  E.        '♦ 

N.N  E. 

N.E.  byN.    '* 

;n.e. 

,N.E.  by  E.    " 
,E.N.E. 
E.  by  N. 
E. 

|E.  bvS. 
i  E.S.E. 
S.E.  by  E.     '* 
S.E.  " 

S.E.  by  S. 
.  S.  S.E. 
S.  byE. 
S 

s!by  W. 
S.S.W. 
S.W.  by  S 
S.W. 


W. 

w. 
w. 
w. 
w. 

N. 

N. 
N. 
N. 
N. 
N. 
N. 
N. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
E. 
S. 
S. 

s. 
s. 


Then  steer 


S.E. 

S.E.  bv  S. 

S.S.E. 

S.  by  E. 

S. 

S.  by  W. 

B.8.W. 

S.W.  by  S. 

S.W. 

S.W.  by  W. 

W.S.W. 

W.  by  S. 

W. 

W.  by  N. 

W.N.W. 

N.W.  by  W. 

N.W. 

N.W.  by  N. 

N.N.W. 

N.  by  W. 

N. 

N.  by  E. 

N.N.E. 

N.E.  by  N. 

N.E. 


If  the  ehift  of 
wind  be  from 


I 

d 
o 

o 

•S 

o 
> 


s 


O 


N.W.      toward 

jN.W.  by  N.  *' 
!n.N.W. 

,N.  by  W.  '• 

N.  ** 

NibyE.  "  ' 

N.N.E.  " 

'N.E.  byN.  " 

N.E.  •' 

N.E.  by  E.  " 

E.N.E.  " 

E.  by  N.  •» 

E.  " 
E.  by  S. 

E.S.E.  " 

S.E.  by  E.  " 

S.E.  " 

S.E.  by  S.  *' 
S.S.E. 

S.  by  E.  »' 

S.  "  ^ 
S.  byW. 

S.S.W.  "  ^ 

S.W.  byS.  "  ^ 
S.W. 


.d 
H 


ii 


t 


In  this  table  the  shift  of  wind  is  supposed  to  be  observed  from  a 
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Dove's  Tables. 
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In  this  table  the  shift  of  wind  is  supposed  to  be  observed  from  a 
stationary  point ;  as  from  a  vessel  hove  to. 

The  following  is  a  summary  of  some  results  of  an  investigation,  by 
Prof.  Elias  Loomis,  of  storms  in  the  Atlantic : 

"  The  prevalent  direction  of  the  wind  in  the  neighborhood  of  the 
West  India  Islands  is  from  the  northeast.  Occasionally  a  strong 
wind  sets  in  from  a  southerly  quarter.  The  interference  of  these 
winds  gives  rise  to  a  gyration,  and  sometimes  rainfall  is  the  result. 
When  rain  commences,  the  latent  heat  which  is  liberated  causes 
the  wind  to  flow  in  from  aJJ  qnartera,  by  which  the  taaxil«X\  v^  Vo^- 
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creased ;  and  since  the  winds  are  deflected  by  the  rotation  of  the 
earth,  an  area  of  low  pressure  is  produced,  and  the  force  of  the 
winds  is  maintained  as  long  as  the  rainfall  oontinnes.  The  effect  of 
this  strong  wind  from  the  south  is  to  transport  the  low  centre  in  a 
northerly  direction  and  by  the  combined  action  of  this  soath*  wind 
and  the  normal  wind  from  the  northeast,  the  centre  of  low  pressure 
is  usually  carried  in  a  direction  between  the  north  and  west. 

The  following  summary  presents  some  of  the  results  derived  from 
this  investigation. 

First. — The  lowest  latitude  in  which  a  cyclone  has  been  found 
near  the  West  India  Islands  is  ten  degrees,  and  the  lowest  latitude 
in  the  neighborhood  of  Southern  Asia  is  six  degrees  Violent 
squalls  and  fresh  gales  of  wind  have,  however,  been  encotintered 
directly  under  the  equator. 

Second. — The  ordinary  course  of  tropical  hurricanes  is  towards 
the  west  northwest.  In  a  few  cases  they  seemed  to  have  advanced 
towards  a  point  a  little  south  of  west,  and  in  a  few  cases  their 
course  has  been  almost  exactly  towards  the  north. 

Third. — Tropical  hurricanes  are  invariably  accompanied  by.  a  vio- 
lent fall  of  rain.  This  rainfall  is  never  less  than  five  inches  in 
twenty-four  hours  for  a  portion  of  fche  track,  and  frequently  it  ex- 
ceeds ten  inches  in  twenty-four  hours. 

Fourth. — Tropical  storms  are  generally  preceded  by  a  northerly 
wind,  and  after  the  passage  of  the  low  centrj  the  wind  generally 
veers  to  the  s  utheast  at  stations  near  the  centres ;  and  the  south- 
erly wind  which  follows  the  low  centre  is  generally  stronger  than. 
the  northerly  ytrnd  which  preceded  it.  This  fact  appears  to  sug- 
gest the  explanation  of  the  origin  of  the  cyclone  and  the  directioii 
of  its  progressive  movement. " 

lOE. 

In  some  frequented  portions  of  the  ocean,  ice  appears  every  year, 
in  the  various  forms  of  jidd  ice,  floes^  and  massive  ice  islands, 
drifted  from  the  Arctic  regions  by  the  action  of  the  polar  currents. 
A  strict  attention  to  the  lookout  night  and  day  is  required  when 
within  the  ice  limits,  and  a  careful  attention  to  the  temperature  of 
^Iie  air  and  sea  can  hardly  be  overrated. 
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The  indioaiions  of  the  thermometer  cannot,  however,  be  taken  as 
an  infallible  gnide ;  the  vicinity  of  large  bodies  of  packed  ice,  or 
nmnerons  icebergs,  will  sensibly  affect  the  temperature  of  both  air 
and  water  to  a  considerable  distance ;  but  the  chilling  influence  of  a 
solitary  iceberg  may  not  lower  the  temperature  to  windward,  or  on 
either  side  to  any  distance  ;  nor  will  the  general  temperature  of  the 
8^  be  altered,  except  in  the  track  in  which  the  berg  is  drifting. 
Icebergs  should  always  be  passed  to  one  side  to  avoid  the  detached 
fragments,  lying  low  in  the  water,  which  are  often  found  astream 
of  the  berg  in  masses  sufficiently  great  to  stave  in  the  bows  of  the 
strongest  ship. 

The  approach  of  an  iceberg  is  often  indicated  by  a  peculiar  light, 
known  as  '^  tictf  blink,**  which  is  sometimes  seen  at  a  distance,  even 
on  a  dark  night.  On  coming  close  to  the  iceberg,  this  light  has  the 
effect  of  a  white  cloud  settling  over  the  riggmg.  The  proximity  of 
icebergs  is  also  known  by  the  noise  of  the  waves  breaking  over 
them ;  this  is  sometimes  heard  at  a  great  distance,  and  resembles 
the  noise"  made  by  breakers  on  the  shore. 

North  Atlantic  Ocean. — In  the  frequented  parts  of  the  North 
Atlantic,  the  limits  of  field- ice  in  March  extend  from  Newfoundland 
to  the  southward  as  far  as  42°  N.  latitude,  iiud  to  the  eastward  of 
the  meridian  of  44  "*  W. 

During  the  second  quarter  of  the  year  the  limits  of  the  field-ice 
region  are  slightly  contracted,  but  icebergs  may  be  met  with  within 
•n  area  reaching  out  to  the  point  where  the  meridian  of  40°  W. 
crosses  the  parallel  of  40°  N.,  and  even  to  the  east  and  bouth  of 
this. 

By  August  the  field-iqe  has  disappeared,  but  icebergs  are  still  met 
.with  when  westward  of 'the  meridian  of  38"  W.,  or  northward  of  the 
parallel  of  41°  N.     During  the  w^inter  months  the  seas  are  compara- 
tively clear. 

This  region  of  field-ice  should  as  much  as  possible  be  avoided  by 
vessels  bound  to*  or  from  the  United  States  and  Canada;  by  mak- 
ia?  the  necessary  detour,  the  length  of  the  passage  will  be  but 
little  increased)  and  the  risk  to  life  and  property  will  be  consider- 
ably reduced. 

North  Pacific  Ocean. — In  the  Northern  Pacific  there  is  no  dan- 
ker of  meeting  floating  ice  below  50''  N.,  but  ix.  \8  uo^  \iAN veaiOvfe  "^ 
JO 


140  TIDES.  Sec.  HI. 

pass  that  parallel  in  making  passages  between  Japan,  or  China,  and 
California. 

Southern  Hemisphere. — In  the  high  southern  routes,  adopted  of 
1  lie  years  by  navigators  in  the  voyages  to  and  fiom  Australia  and 
Kew  Zealand,  the  greatest  number  of  icebergs  have  been  seen  in 
the  summer  season,  or  in  November,  December,  and  January,  and 
the  Hmallcst  number  in  June  and  July.  It  has  also  been  observed 
that  more  icebergs  are  seen  in  March.  During  February,  the  limit  of 
tae  icebtrg  region  in  the  South  Atlantic  extends  as  far  north  an  80^ 
S. ,  while  in  August  they  are  rarely  found  to  the  northward  of  the 
loity-tifth  parallel. 

This  change  in  the  limits  of  the  iceberg  region  is  specially  notice- 
able in  that  portion  of  the  Atlantic  Ocenn  to  the  westward  of  Gape 
Horn,  a  district  that  should  be  navigated  with  great  caution  with 
regard  to  ice. 

Numerous  icebergs  have  also  been  fallen  in  with  southward  of 
Cape  Leeuwin  during  January  and  February,  in  about  the  parallel  of 
44    S.,  and  between  the  meridiar.s  of  105"  and  140"  E. 

In  making  passages  between  the  Cape  of  Good  Hope  and  Aus- 
tralia, the  sailor  is  cautioned  against  adopting  a  high  southern 
route*  By  crossing  the  Indian  Ocean,  between  the  parallels  of  42"* 
and  4*r  S.,  the  danger  of  encountering  icebergs  will  not  only  be 
avoided,  but  better  weather  will  most  probably  be  experienced. 
Similarly  between  Australia,  or  New  Zealand,  and  Cape  Horn,  navi- 
gators are  recommended  to  cross  the  Pacific  Ocean  on  or  near  the 
parallel  of  52'  S.  until  reaching  the  neighborhood  of  Cape  Horn. 

The  indications  of  the  thermometer  should  not  be  neglected  in 
these  seas,  as  there  is  generally  a  diminution  of  temperature  of  the 
air  and  sea  on  approaching  ice ;  this,  however,  must  not  be  assumed. 
as  an  infallible  guide.  Icebergs  should,  if  possible,  be  passed  to 
windward,  to  avoid  the  loose  ice  floating  to  leeward. 

TIDES. 

The  surface  of  the  ocean  rises  and  falls  twice  in  a  lunar  day,  about 
24  h.  52  m.  of  mean  time. 

On  the  coast  the  tides  appear  as  alternate  elevations  and  depres- 
sjons  of  the  sea,  and  also  as  horizontal  xaoNeva^al^i  <ot  the  water,  al- 
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temately  flowing  and  ebbing ;  and  the  word  tide  is  commonly  used 
to  designate  both  phases  of  the  phenomenon. 

In  hydrography  the  term  tide  signifies  only  the  vertical  movement 
of  the  water,  and  the  words  rise  sjidfaU  are  used  with  reference  to 
the  same  motion.  Stand  is  the  term  used  to  denote  the  interval  of 
time  at  high  or  low  water,  during  which  no  vertical  motion  is  per- 
ceptible. The  range  of  the  tide  is  the  height  from  low  water  to 
high  water. 

The  horizontal  movement  of  the  water  is  known  as  the  tidal  cur- 
rentj  and  the  terms  flood  and  ebb  are  used  to  indicate  the  general 
direction  of  the  current.     JSlaek  is  the  word  used  to  designate  the ' 
interval  of  time  daring  which  no  horizontal  motion  is  perceptible. 

The  tides  do  not  always  rise  to  the  same  height,  but  every  fort- 
night, after  the  new  and  full  moon,  they  become  much  higher  than 
they  were  in  the  alternate  weeks,  or  after  the  first  and  last  quarters 
of  the  moon. 

These  high  tides  are  called  Spring  Tides^  and  the  low  ones  Neap 
Tides. 

The  close  relation  which  the  times  of  high  water  bear  to  the  times 
of  the  moon's  meridian  passage,  show  that  the  moon^s  influence  in 
raising  the  tides  is  much  greater  than  that  of  the  sun. 

While  the  whole  attraction  of  the  sun  upon  the  earth  far  exceeds 
that  of  the  moon,  yet,  owing  to  the  greater  proximity  of  the  latter, 
the  difference  between  its  attraction  at  the  centre  of  the  earth  and 
at  the  nearest  or  most  remote  point  of  its  surface  (which  difference 
produces  the  tides)  is  about  two  and  a  half  times  as  great  as  the  dif- 
ference of  the  sun^s  attraction  at  the  same  points.  Though  each  of 
tiiese  bodies  may  be  supposed  to  cause  two  tidal  waves,  the  tides 
omst  be  regarded  as  the  result  of  their  combined  action. 

At  the  time  of  full  and  change  of  the  moon,  the  combined  effect 
produces  the  spring  tides,  and  high  water  is  then  higlcer  and  low 
water  lower  than  at  mean  tides.  When  the  moon  is  in  perigee,  or 
nearest  the  earth,  the  rise  and  fall  is  sensibly  increased. 

When  the  moon  is  in  quadrature,  or  90°  from  the  sun,  the  attrac- 
tion of  the  two  bodies  upon  the  waters  act  in  opposition,  and  the 
neap  tides  are. produced. 

Very  small  tides  will  take  place  about  the  time  of  the  earth's  peri- 
Ittlion  passage,  if  the  moon  is  in  apogee  and  also  in  ^\\AdT»i\>\nA. 
During  the  first  and  third  quarters  of  the  luuax  niOTiV^  VX\.^  ^<(^^ 
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wave  lies  to  the  weft  of  the  lunar  wave,  and  the  combined  tide  wave 
will  be  to  the  westward  of  that,  due  to  the  moon  alone ;  and  this 
causes  au  acceleration  of  the  time  of  high  water  commonly  called 
priming.  In  the  second  and  fourth  quarters  the  sun's  inflnenoe  acts 
to  retard  the  lunar  wave,  and  causes  what  is  known  as  lagging  of  the 
tides. 

The  interval  of  t'me  which  elapses  from  the  time  of  the  moon*8 
transit  over  the  meridian  of  a  place  to  that  of  high  water  next  fol- 
lowing at  the  same  meridian,  is  called  the  htni-tidal  interval. 

It  is  found  in  general  that  any  particular  tide  is  not  due  to  the 
moon's  transit  immediately  preceding,  but  to  a  transit  which  has  oc- 
curred some  time  before,  and  which  is  said  therefore  to  corref«pond 
to  it.  The  interval  between  the  transit  of  the  moon,  at  whi<^  a  tide 
originates,  and  the  appearance  of  a  tide  itself,  is  called  the  retard  or 
age  of  the  tide. 

27ie  Diurnal  Tneqnnlity  is  a  regular  change,  considerable  in  amount, 
and  almost  universal  in  prevalence.  This  change  depends  principally 
upoa  the  moon's  being  north  or  south  of  the  equator ;  its  maximum 
is  consequent  on,  but  not  always  simultaneous  with,  the  moon's 
greatest  declination,  and  the  ]>eL'iod  of  its  vanishing  corresponds  in 
like  manner  with  the  moon's  passing  the  equator. 

If  the  declination  of  ihe  moon  is  of  the  same  name  as  the  latitude 
of  the  place,  the  greater  of  the  daily  tides  occurs  next  after  the  upper 
transit  of  the  moon  ;  I  ut  if  the  latitude  and  declination  have  con- 
trary names,  the  higher  tide  of  the  day  follows  the  lower  culmi- 
nation of  the  moon.  The  diurnal  inequality  sometimes  affects  the 
time  of  high  water  as  much  as  two  hours,  that  of  low  water  about 
forty  minutes ;  at  the  same  time  a  variation  of  a  foot  may  be  ob- 
served in  the  height  of  high  water,  and  of  three  feet  in  that  of  low 
water.  Such  eflFects  are  too  great  to  be  neglected,  either  in  the  pre- 
diction of  tides  or  the  reduction  of  soundingfs. 

The  directions  of  strong  winds,  as  well  as  the  varying  pressure  of 
the  atmosphere,  considerably  affect  both  the  t'mcs  and  the  heights 
of  high  water. 

Ilalf-moiitJi'y  IneqrinUty. — The  time  of  the  moon's  transit  advances 

from  0  h.  on  the  day  of  new  moon  to  1 2  h.  at  full  moon.     If  we 

observe  the  change  in  the  length  of  the  luui-tidal  intervals  from  con- 

janction  to  opposition,  or  the  reverse,  xm^  \JBft  <^«s\%«s^  ia  the  range 
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of  the  tide  during  the  same  period,  it  will  appear  that  the  variationB 
depend  npon  the  hours  of  the  moon^s  transit,  the  same  form  of  tide 
occurring'  at  equal  intervals  from  the  times  of  conjunction  and  op- 
position. 

This  alteration  in  the  tide  during  the  semi- lunar  month  is  called 
the  half -monthly  inequality. 

Establishment  of  the  Port.  —It  is  of  great  importance  bo  be  able 
to  find  the  time  of  high  water  for  harbors  and  i)ort8,  and  for  this 
purpose  a  standard  is  fixed  upon,  indicated  by  a  particular  position 
of  the  moon  and  sun,  from  which  the  time  of  any  tide  may  be  de- 
duced. This  standard  is  the  time  of  high  water  at  full  and  change  of 
the  moon,  at  the  given  point,  reckoned  from  apparent  noon.  It  is 
called  the  establishment  of  the  port.  The  mean  of  the  values  of  the 
lani-tidal  intervals  on  the  days  of  full  and  new  moon  is  called  the 
common  estadUs  'iment  of  a  port. 

The  corrected  establishment  is  the  mean  of  all  the  luni-tidal  inter- 
vals in  a  lunar  month. 

If  the  actions  of  the  sun  and  moon  were  uninterrupted  by  ob- 
stacles or  forces  of  other  kinds,  the  tides  would  be  regular  and  their 
calculation  certain.  But  from  the  unequal  depth  of  the  ocean  and 
the  birriers  presented  by  continents  which  stand  across  the  natural 
progreps  of  the  tides,  their  motion  is  interrupted,  and  the  tide-wave, 
abandoned  by  the  forces  which  orginated  it,  becomes  subject  to  the 
mechanical  action  proper  to  waves  in  general. 

Co-tidal  lines  are  lines  drawn  upon  a  map  connecting  all  those 
places  at  which  high  water  occurs  at  the  same  instant  of  time. 
Numerals  are  usually  placed  over  these  lines  to  indicate  the  hours  of 
Greenwich  time,  on  the  days  of  full  and  change,  at  which  high 
water  occurs  of  the  different  lines.  An  inspection  of  such  lines  will 
show  that  the  great  tide-wave  originates  in  the  Pacific,  west  of  the 
South  American  coast.  Thence,  travelling  northwest,  it  reaches  the 
ooast  of  Elamtschatka  in  about  ten  hours. 

The  same  wave,  traversing  the  shallow  waters  of  the  South  Pacific, 
passes  New  Zealand  in  twelve  hours ;  continues  on  to  the  Gape  of 
Grood  Hope,  turns  into  the  Atlantic,  and  finally  reaches  the  coast  of 
the  United  States  about  forty  hours  after  its  formation.  Another 
branch  passes  by  Cape  Horn  and  turns  eastward  into  the  Atlantic. 
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« 

Tide  and  Half-Tide,  Tide  and  Quarter-Tide. 

The  iDterval  between  high  and  low  waters  in  the  open  sea,  aboat 

six  hours  and  twelve  minutes,  is  designated  a  ^^  tide/' 

In  channels  where  a  tidal  stream  is  formed,  when  the  stream  con- 
tinues to  How  up  for  three  hours  after  it  is  high  water,  it  is  said  to 
make  a  ^  ^  tide  and  half-tide ;  "  if  it  continue  to  flow  for  about  one  hour 
and  a  half  after  high  water,  it  is  said  to  make  a  **  tide  and  quarter- 
tide." 

The  tides  which  take  place  far  up  bays,  sounds,  and  rivers,  are 
later  than  the  tides  at  the  entrance  of  such  inlets,  but  they  are  not 
more  irregular ;  on  the  contrary,  the  tides  in  such  situations  are  often 
remarkably  regular. 

The  tide  ia  its  progress  up  inlets  and  rivers  is  often  much  magni- 
fied or  modified  by  local  circumstances.  Sometimes  it  is  magnified 
so  that  the  wave  which  brings  the  tide  at  one  period  of  its  rise  ad- 
vances with  an  abrupt  front  of  broken  water.  This  is  called  a  bore 
(as  in  the  Severn  and  Amazon).  Sometimes  the  tide  is  divided  into 
ftwo  half- day  tides  in  its  progress  up  the  river,  as  in  the  Forth  in 
Scotland.  In  all  cases,  after  a  certain  point,  the  tide  dies  away  in 
ascending  a  river. 

The  velocity  of  the  tide- wave  appears  to  be  determined  mainly  by 
the  depth  of  water  through  which  it  is  propagated.  According  to 
Airy's  rule,  *'  TJie  rate  at  which  the  tide  travels  is  equal  to  the  'velocity 
acquired  by  a  body  falling  through  sfpacefrom  a  height  equal  to  half  the 
depth  of  watery 

The  range  depends  mainly  upon  the  variations  in  width,  and  upon 
the  configuration  of  the  coast. 

The  velocity  of  the  tide- wave  by  the  above  rule  is  as  follows  : 


Depth  of  Water. 

Velocity  per  Hour, 

10  feet. 

12  miles. 

60    '' 

30     '' 

100    '' 

39     ** 

250    '' 

61     *' 

1,000    '' 

122     "- 

5,000    ** 

273     '' 

20,000    ** 

547     '' 

50,000    '' 

865     " 
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The  form  of  tide  may  be  represented  upon  a  diagram,  by  plotting 
with  the  hours  of  the  day  as  abscissas,  and  the  height  of  the  tide  as 
ordinates. 

Tidal  Streams. — Besides  the  acquaintance  with  the  periods  of 
high  and  low  water,  and  the  comparative  heights  of  the  day  and  night 
tides,  it  is  necessary  to  observe  the  direction  of  the  stream  of  flood 
and  ebb,  and  the  time  at  which  it  turns ;  but  care  must  be  had  not 
to  confound  the  time  of  the  turn  of  the  tidal  stream  with  the  time  of 
high  water.  The  turn  of  the  tidal  stream  generally  takes  place  at  a 
different  time  from  high  water,  except  at  the  head  of  a  bay  or  river. 
The  stream  of  flood  usually  runs  for  some  time,  often  for  hours,  after 
the  time  of  high  water.  In  the  same  way  the  stream  of  ebb  runs  for 
some  time  after  low  water.  • 

The  most  violent  tidal  currents  which  occur  in  navigable  channels 
on  our  coast  are  those  of  Hell  Gate,  New  York,  and  those  near  the 
janction  of  Vineyard  and  Nantucket  Sounds. 

Very  little  is  known  of  tidal  currents  on  outside  coasts,  except  in 
the  immediate  neighborhood  of  certain  dangerous  shoals.  A  knowl- 
edge of  them  would,  however,  be  often  a  great  advantage  in  the  sav- 
ing of  time  iu  the  passages  of  coasters. 

Coasters  frequently  lose  their  reckoning,  in  quiet  and  thick  weather, 
by  being  swept  out  of  their  courses  by  these  drifts.  The  coast  cur- 
rents in  some  places  have  a  velocity  of  a  third  of  a  mile  per  hour  in 
thirty  fathoms  water.  The  epochs  of  coast  currents  may  be  ex- 
pected to  differ  widely  from  those  of  the  local  tide,  especially  on  a 
shore  where  differences  of  tidal  range  appear  from  jjoint  to  point. 

As  an  aid  to  navigation,  it  is  very  desirable  to  observe  and  tabu- 
late the  currents  **  on  soundings." 

TXDES  AND  TIDAL  CURRENTS  OP  THE  UNITED 

STATES. 

The  Atlantic  tides  are  of  the  most  ordinary  type,  ebbing  and  flowing 
twice  in  twenty-four  hours,  and  having  but  moderate  differences  in 
height  between  the  two  successive  high  waters  or  low  waters,  one 
occarriog  before  noon  and  the  other  after  noon.  The  coast  presents 
ia  iti  general  outline  three  large  bays :  the  soutYiexii  tt^ixxv.  ^^^^ 
Blorida  to  CapeHatteras;  the  Middle  from  Cape  "H.«A.tet«A\»Q^\isx- 
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tacket;  and  thu  Eastern  from  Nantaoket  to  Cape  Sable,  known   as 

the  Golf  of  Maine.     The  tide-wave  arrives  at  aboat  the  same  time 

at  the  headlands.  Cape  Florida,  Cape  Hatteras,  Nantucket,  and  Cape 

Sable,  and  at  those  points  the  height  is  inconsiderable  compared 

with  the  rise  at  the  head  of  the  various  bays.     At  Cape  Florida  the 

range  is  only  one  and  one-half  feet;  at  Hatteras,  but  two  feet; 

while  at  the  intermediate  entrance  to  Savannah  it  reaches  seven 

feet    Again,  at  the  head  of  the  middle  bay,  in  New  York  harbor, 

it  reaches  five  feet,  while  at  Nantucket  Island  it  is  little  over  one 

foot.     The  recess  of  Massachusetts  Bay  is  marked,  the  increase  in 

height  reaching  ten  fee&  at  Boston.     RoUiDg  on  along  the  coast  of 

Miuiie,  it  steadily  increases,  and  a  striking  effect  of  the  convergence 

of  shores  is  exhibited  in  the  Bay  of  Fundy,  which  opens  its  bosom 

to  receive  the  full  wave.     At  St.  Johns,  the  mean  height  of  the  tide 

is  nineteen  feet,  and  at  Sackville  thirty-six  feet,  swelling  to  the 

enormous  height  of  sixty  feet,  and  even  more,  at  the  highest  spring 

tides. 

Gulf  of  Maine. — Tidal  currents  at  entrance.  Along  the  line  be- 
tween Nantucket  Shoals  and  Cape  Sable  Bank  the  ebb-current  runs 
southwardly  during  the  first  four  and  a  half  hours  after  the  northing 
or  iouihing  of  the  moon,  and  the  flood-current  northwardly  from  the 
sixth  to  the  eleventh  hour  after  the  northing  or  southing  of  the  moon. 
The  time  of  turning  on  George^s  Bank  corresponds  nearly  with  the 
time  of  high  or  low  water  at  Boston  and  Portland,  but  in  the  chan- 
nel to  the  westward  of  the  Bank  it  is  later,  and  to  the  eastward 
earlier. 
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Tofk  Harbor. — Between  seven  and  eight  hours 
utter  the  moon's  transit,  high  water  has  jnst  passed  Sandy  Hook 
with  an  elevation  of  about  four  and  a  half  feet,  and  at  the  same 
time  has  advanced  just  inside  Block  Island  with  a  height  of  two 
feet.     The  latter  tide,  traversing^  the  Sound  with  increasing  velocity 
and  height,  reaches  Sand's  Point  about  eleven  and  a  half  hours  after 
the  transit  of  the  moon,  and  with  an  elevation  of  seven  and  three- 
fourths  feet.     At  Hell  Gate  this  tidal  wave  is  met  by  that  which 
entered  at  Sandy  Hook,  and  which,  owing  to  the  configuration  of 
the  channel,  travelled  more  slowly.     The  meeting  and  overlapping 
of  these  two  tides  causes  differences  between  the  harbor  and  Sound, 
which  produces  the  violent  currents  of  the  East  River.     If  a  partition 
could  be  placed  across  Hell  Gate,  the  difference  in  the  range  of  the 
tide  on  its  sides  would  sometimes  amount  to  ten  feet.     As  matters 
stand,  a  difference  of  one  foot  in  the  level  is  often  observed,  off  Hal- 
lett's  Point,  within  the  space  of  forty  yards.     The  westerly  current 
through  Hell  Gate  is  commonly  called  the  ^*  ebb-stream,"  since  it 
joins  the  ebb-stream  of  New  York  harbor. 


TIMES  AND  n EIGHTS  OP  TIDES  IN   LONG  ISLAND  SOUND  AND  NEW 

YORK  HABBOK. 


m 

BLOCK  I. 
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Tides  of  the  Pacific  Coast. — The  tides  of  the  Paoifio  Coast  aie  of 
a  complicated  character.  There  are  generally,  in  each  lunar  day  of 
twenty-four  hours  fifty -two  minutes,  two  high  and  two  low  waters, 
which  are  unequal  in  height  and  in  time  in  proportion  to  the  moon's 
declination,  differing  most  from  each  other  when  the  moon's  decli- 
nation is  greatest,  and  least  when  the  moon  is  on  the  equator.  The 
high  and  low  waters  generally  follow  each  other  thus:  starting 
from  the  lowest  low  water,  the  tide  rises  to  the  lower  of  the  two 
high  waters,  then  falls  slightly  to  a  low  water  (which  is  often  indi- 
cated merely  by  a  long  stand),  then  rises  to  the  highest  high  water, 
whence  it  falls  again  to  the  lowest  low  water. 

San  Francisco. — The  inequalities  in  the  heights  of  successive  low 
waters  are  more  considerable  than  those  of  successive  high  waters ; 
while,  on  the  contrary,  the  inequalities  in  the  times  of  high  water 
are  more  marked  than  those  of  low.  The  mean  difference  between 
the  heights  of  two  successive  high  waters  is  one  foot  three  inches, 
and  of  two  successive  low  waters,  two  feet  four  inches.  The 
average  difference  of  these  heights,  when  the  moon's  declination 
is  greatest,  is  for  the  high  waters  two  feet,  and  for  the  low  waters 
three  feet  six  inches.  The  mean  variation  from  twelve  hours  and 
twenty-six  minutes  in  the  interval  between  two  successive  high 
waters  is  one  hour  and  twelve  minutes,  and  between  two  low  waters 
fifty-three  minutes.  The  average  variations  of  the  same  interval, 
when  the  moon  is  farthest  from  the  equator,  are,  respectively,  two 
hours  and  one  hour  and  a  quarter. 

^^  If  the  moon  is  south  of  the  equator  and  passes  the  meridian  in  the 
morning,  the  morniDg  high  water  will  be  hig^her  than  the  afternoon 
high  water ;  if  it  crosses  in  the  afternoon,  the  afternoon  high  water 
will  be  the  higher. 

"  If  the  moon  is  nortJi  of  the  equator,  and  passes  the  meridian  in 
the  morning,  the  afternoon  high  water  will  be  the  higher  ;  if  in  the 
afternoon,  the  morning  high  water  will  be  the  higher." 

The  lowest  of  the  two  low  waters  of  the  day  occurs  about  seven 
'  hours  after  the  highest  of  the  two  high  waters. 

The  mean  difference  between  the  height  of  the  highest  high 
water  and  of  the  lowest  low  water  is  five  feet  eleven  inches,  and 
the  greatest  difference  is  seven  feet  seven  inches. 
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G>alf  of  Mexico. — The  tides  of  ports  in  the  Gulf  of  Mexico,  west- 
ward of  Gape  St.  George,  on  the  north-east  shore  of  the  gulf,  are 
usually  single  day  tides,  the  rise  and  fall  increasing  or  decreasing 
with  the  moon's  declination. 

The  rise  and  fall  being  very  small,  the  times  and  heights  are  both 
much  influenced  by  the  winds.  Between  Cape  St.  George  and  Capo 
Florida  there  are  two  tides  during  the  twenty -four  hours,  subject  to 
a  large  diurnal  inequality. 

The  highest  high  and  lowe  t  low  waters  occur  when  the  greatest 
declination  of  the  moon  happens  at  fnll  and  change.  The  least 
when  the  moon's  declination  is  nothing  at  the  first  or  last  quarter. 


TO  OOMFUTS  THE  TIBOS  OF  HIGH  WATBR  FOR 
PORTS  OF  THE  UNITED  STATES. 

Role. — Ascertain  the  time  of  transit  of  the  moon  for  Greenwich, 
preceding  the  time  of  high  water  required,  from  the  Nautical  Alma- 
nac. Multiply  the  number  in  the  column  ^^  Diff.  for  one  hour"  by 
the  longitude  of  the  place  (in  time)  west  of  Greenwich,  and  add  the 
product  to  the  Greenwich  time  of  transit. 

N.  B. — It  nmU  frequently  he  necessary  to  use  tJie  trarmtfor  Vie  pre- 
ceding day^  as  the  a»tr<mamical  day  does  not  end  until  noon  of  tJie  day 
under  consideration. 

The  sum  will  be  the  time  of  transit  at  the  place.  To  this  time 
add  the  establishment  of  the  port  from  the  table,  and  the  result  will 
be  the  time  of  high  water. 

Example. — To  find  the  time  of  high  water  at  New  York  on  the 
6th  July,  1866.  From  Nautical  Almanac  we  find  the  time  of  moon^s 
transit  at  Greenwich  to  be  18h.  81m.  on  the  oth  of  July.  The  long- 
itude is  about  five  hours,  which,  multiplied  by  2m.  2s. ,  the  difference 
for  one  hour,  gives  eleven  minutes  as  the  correction  to  be  added  to 
the  Greenwich  time  of  transit  to  get  the  time  of  transit  for  New 
York,  making  the  latter  18h.  42m.  Then  to  5d.  18h.  42m.,  time  of 
transit  at  New  York,  add  8h.  18m.,  e&tablishment  of  port.  The 
sum  (fd.  2h.  5*5m.  is  the  t  me  of  high  water. 
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Tide-Table  for  the  Coast  of  the  United  States. 

[Coast  Survey.] 


riaoe. 


Enstport 

Southwest  Harbor. . . . 

Belfast  Bay 

Wiscasaet 

Fortiaad 

Portsmouth 

Newburjrport. 

Plum  Island  Sound. .. 

Rockport  Harbor 

Gloucester  Hai'bor. .. . 

Beverly  Harbor. 

Swampscott  Harbor. , 

Boston  Light 

Boston 

Nantucket 

Edgartown . . 

Holmes'  Hole  

Tarpaulin  Cove 

Wood's  Hole,  N.  siiie. 

"  "       S.  side. 

Bird  Island  Light.... 

Dumpling  Rock 

Newport. 

Point  Judith 

Montank  Point 

Sandy  Hook , 

New  York 


Watch  Hill... 
Stonington  .. 
New  London. 
New  Haven.. 
Bridgeport. . . 
Oyster  Bay . . . 
Sand's  Point. 
New  Rochelle. 
Thraig's  Neck. 


Long  Island  Sound. 


Timp 

HeanRiRe 

and  Fall. 

h*  m. 

11.08 

16:0 

11.03 

10.0 

11.06 

d.6 

11.12 

9.4 

11.17 

9.1 

ll.:i3 

&« 

11.23 

8.0 

11.26 

8JS 

10.57 

8.4 

11.02 

9.4 

11.18 

9.8 

11.12 

9.5 

11.12 

9.8 

11.27 

10.0 

12.24 

ai 

I2.ie . 

2.0 

11.48  • 

1.7 

8.04 

S.8 

7.59 

4.0 

8.«4 

1.6 

7.69 

4.4 

7.57 

8.8 

7.46 

8.9 

7.82 

3.1 

8.20 

1.9 

7.29 

4.8 

8.18 

4.8 

000 

2.7 

9.07 

2.7 

9.28 

2.6 

11.16 

5.9 

11.11 

6.5 

11.07 

7.3 

11.18 

7.7 

11.22 

7.6 

11.20 

7.3 
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Tide-Table—  Continued. 


Place. 


Coast  of  New  Jkbset. 

ColdSprinf?  Inlet 

Cape  May  Landing 

Delawabx  Bat  and  Biveb. 

I5eUwftre  Breakwater 

flijTbee's 

Egg  Idand  Light 

Hahon'8  River 

New  Castie 

Philadelphia 

Ohssapbake  Bat  and  Riysbs. 

Cape  Henry 

0[d  Point  Comfort '.... 

Point  Lookont 

Annapolis.  

fiodldn  Light 

Baltimore 

James  River  (City  Point) 

Richmond 

^aUeraa  Inlet 

Beanfort 

Smithvillc  (Cape  Fear) 

Charleston  (C.  H.  Wharf) 

Fort  Palaski  (Savannah  entrance) 

Savannah  (Dry  Dock  Wharf) 

Bt.  AngoBtine 

Cape  Florida 

Smd  Key 

Key  WeHt 

Tampa  Bay  (Egmont  Key) 

Cedar  Keys  (Depot  Key) 

Westbbn  Coast. 

San  Die^ 

San  Pe<lro 

Cnyler'8  Harbor 

San  Lui^  Obiitpo 

Honterey 

Sooth  Turallone.  

San  FrandBoo  (X.  Beach) 

Xare  Inland  (Stio  Fnndaco  Bay) 


Time, 

Mean  Rim 
and  Fall. 

h.  m. 

7.3-2 

4.4 

8.19 

4.8 

8.00 

8.6 

8.33 

4.9 

9.04 

6.0 

9.52 

6.9 

11.53 

6.6 

13.44 

6.0 

7.61 

6.0 

8.17 

2.6 

12.58 

1.4 

17.04 

0.9 

18.08 

1.0 

18.69 

1.3 

14.37 

2.8 

1        16.58 

8.9 

7.04 

2.0 

7.26 

2.8 

7.19 

4.6 

7.26 

61 

7.20 

7.0 

8.18 

6.6 

8.21 

4.2 

8.34 

1.6 

8.40 

1.2 

9.22 

1.8 

11.21 

1.4 

13.15 

2.6 

9.88 

8.7 

i».89 

8.7 

9.25 

3.7 

10.08 

8.6 

10.22 

3.4 

io.;37 

3.6 

l^m 

Vi.AO 

100 
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Tide-Table. 

—GcnUinueeL 

Place. 

Time. 

Mean  Use 
andFkU. 

Benicia 

Western  Coast. 

b.  in. 

14.10 

11.17 

1S.02 

11.86 

lS.4a 

1S.88 

8.40 

4.46 

4M 

4.6 

Bodo^ 

86 

Humboldt  Bay 

44 

Port  Orford 

5.1 

Astoria 

6.1 

Nee-ah  Harbor 

6.6 

Port  Townahend 

4.6 

Steilftooom 

9.9 

Semi-ah-moo  Bay 

6.7 

• 

Note. — The  mean  interval  has  been  increa-sed  by  twelve  hoon  twenty-six  minutes 
(half  a  lunar  day)  for  some  of  the  ports  in  Delaware  River  and  Chesapeake  Bay,  so  as 
to  show  the  succession  of  times  from  the  month.  Therefore,  twelve  honrs  twenty-six 
minutes  ought  to  be  subtracted  from  the  establishments  which  are  greater  than  that 
quantity  before  using  them. 

Bench-Markfl  Used. 

Boston. — The  top  of  the  wall  at  the  en  trance  to  the  dry  dock  in 
the  Charlestown  Navy  Yard,  14.7()  feet  above  mean  low  water. 

N^ew  Ym'k. — The  lower  edge  of  a  straight  line,  oat  in  a  stone  wall, 
at  the  head  of  the  wooden  wharf  on  Govemor^s  Island,  14.51  feet 
above  mean  low  water. 

Old  Point  Comfort^  Va. — A  line  cnt  in  the  wall  of  the  lighthouse, 
one  foot  from  the  ground,  on  the  southwest  side,  eleven  feet  above 
mean  low  water. 

C/iarleston^  JS.  C — The  outer  and  lower  edge  of  embrasoie  of 
gun  No.  'S,  at  Castle  Pinckuey,  10. 13  feet  above  mean  low  water. 

To  Determine  the  Rise  and  Fall  of  the  Tide  for  any  Given 

Time  from  High  or  Iiow  Water. 

The  following  table  shows  the  relation  between  the  heights  aboYO 
low  water  for  each  half-hour,  for  New  York  and  for  Old  Point  Cran- 
ybr(,  and  for  spring  and  neap  tides  at  each  place.    Units  express  the 
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total  rise  of  high  water  above  low  water,  and  the  figures  opfkMdte  to 
each  half -hoar  denote  the  proportional  fall  of  the  tide  from  high 
water  onward  to  low  water. 


Time  before 

Nkw  Yobk. 

Ou>  POIHT  CoiuroBT. 

or  after 

High  Water. 

Springs. 

Neaps. 

Springs. 

Neaps. 

h-      m. 

• 

0         0 

1.00 

l.UO 

1.00 

1.00 

0        3J 

.98 

.98 

.98 

.98 

1    •    00 

.94 

.93 

.95 

.94 

1        80 

.89 

.86 

.88 

.87 

3        00 

.     .80 

.72 

.80 

.78 

2        80 

.72 

.69 

.70 

.68 

3         00 

.60 

.45 

.69 

.57 

8         30 

.49 

.81 

.49 

.44 

4         00 

.89 

.19 

.87 

.84 

4         30 

.38 

.10 

.26 

.22 

6         00 

.18 

.02 

.17 

.13 

6         30 

.09 

.00 

.08 

.05 

6         00 

.06 

.03 

.01 

6         30 

.00 

• 

.00 

.00 

Remarks. 

Tearly  Tide- Tables  are  now  published  by  the  United  States  Coast 
Bnrvey,  which  give  the  oomputed  times  of  high  water  for  the  most 
important  ports  of  the  United  States,  and  constunts  to  apply  to 
these  times  to  obtain  the  time  of  high  water  at  the  neighboring 
places.  These  tables  take  into  account  the  daily  and  semimonthly 
inequalities,  and  various  local  circumstances  affecting  both  the  times 
and  heights  of  the  tide,  and  should  be  purchased  whenever  practi- 
cable. The  price  is  twenty-five  cents  per  year.  Similar  tables  are 
tnnually  published  by  the  British  Admiralty  for  the  coast  of  Great 
Britain. 

For  other  parts  of  the  world  the  tide -hours  or  establishments  of 
various  ports  may  be  found  in  any  epitome  of  navigat\o\i,  woA  \5afc 
time  of  high  water  may  then  be  found  by  the  same  xuVft  «a  ^iX^\» 
^en  for  the  comJ  of  tbe  United  States,  observine  to  cotx«>«^  VXia 
tnoeaf  ir^jU  Gnenwioh  for  the  iongitude  of  tbe  place. 
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Tide-Signals. — In  Freoch  ports,  flood  and  ebb,  and  the  height  of 
the  tide,  are  signalled  at  intervals  by  means  of  black  balls,  and  by 
flags ;  these  are  hoisted  on  a  mast  crossed  by  a  yard. 

A  ball  at  the  intersection  of  the  mast  and  yard  indicates  a  depth 
of  3  metres  or  9i  feet.  Each  ball  belmo  this,  and  in  the  line  of  the 
mast,  represents  an  additional  height  of  1  metre  or  3^  feet ;  bat  each 
ball  above  it,  an  additional  height  of  2  metres  or  6^  feet  A  ball 
hoisted  at  the  yard-arm  and  Keen  to  the  left  of  the  mast  indicates 
.25  metres  or  f  of  a  foot  additional;  but  seen  to  the  right  of  the 
mast,  .5  metres,  or  1|  feet  additional. 

In  order  to  show  the  state  of  the  tide  in  respect  to  flood  and-  ebb, 
a  white  ilcig  crossed  with  black  from  corner  to  comer,  and  a  black 
pendant  will  fee  used.  One  or  both  of  these  will  be  flying  at  the 
luast  head,  so  long  as  there  are  2  metres  or  G^  f eet  water  in  the 
channel;  thus,  the  pendant  above  the  flag  indicates  flood  — the  flag 
alone,  hipfh  water— and  the  penJant  below  the  flag,  ebb. 

A  red  flag  at  the  mast-head  indicates  that  the  state  of  the  tide  is 
such  that  a  vessel  cannot  enter. 


TIDAL  OBSERVATION'S. 

IxAtructions  for  the  Use  of  the  Tide-Pole. 

For  all  localities  which  are  sheltered  from  the  swell  of  the  sea, 
a  tide-pole  may  be  used.  It  consists  of  a  stafE  graduated  upward 
in  feet  and  tenths,  and  which  is  erected  in  a  vertical  position,  with 
its  zero  mark  below  the  level  of  the  lowest  tide.  To  this  staff  a 
painted  batten  is  sometimes  secured,  conspicuously  marked,  the  al- 
temate  feet  being  painted  black  on  the  white  ground,  and  vice  term; 
such  a  batten  may  be  read  from  a  great  distance.  The  zero  of  the 
tide-pole  should  be  connected  with  the  bench-mark,  or  permanent 
point  of  reference  by  levellings.  A  line  of  sight  from  the  bench* 
mark  across  the  tide-pole  to  the  sea  horizon  is  a  good  level  line. 
The  time  is  noted  for  every  rise  and  fall  of  a  certain  distance,  or  the 
state  of  the  gauge  marked  for  equal  intervals  of  time,  say  fifteen 
minutes,  care  being  taken  to  determine  as  near  as  possible  the 
times  of  high  and  low  water,  by  taking  a  mean  of  the  times  at  which 
t^e  water  ifast  at  equal  heights  beiox^  ox  iki\.^x\ii^«^V2rw  ^«.tiex. 
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^6  time  of  high  water  is  thns  found  on  a  ^iinilar  principle  to  that 
1)7  which  the  time  of  apparent  noon  is  found,  viz.,  by  adding  the 
times  of  the  equal  heights  of  the  water  (instead  of  the  sun)   to- 
gether, and  dividing  by  2. 
The  state  of  the  wind  and  barometer  should  always  be  noted. 
If  in  port  at  the  time  of  the  full  and  change  of  the  moon,  it  is  ad- 
visable  to  observe  especially  the  high  and  low  water  on  that  day,  re- 
membering also  that  the  greatest  rise  and  fall  may  not  occur  until 
^Reveral  tides  after  full  or  change.    The  times  and  heights  of  high  and 
hw  water  should  be  observed  successively  by  both  day  and  7iight ; 
and  the  watch  or  clock  by  which  the  times  are  taken  should  always 
show  nuan  tivM  at  the  place. 

The  greater  the  number  of  results  obtained,  the  more  accurate 
will  be  the  value  deduced  from  them ;  if,  however,  circumstances 
will  not  admit  of  a  continuous  series  of  tidal  observations  being 
made,  the  day  and  night  high  and  low  waters  that  occur  on  those 
days  when  the  moon's  transit  takes  place  between  11  h.  and  2  h. ,  and 
6  h  and  3  h.,  should  be  preferred,  as  from  the  former  the  Tide-Hour 
(establishment)  and  the  mean  Spring  Range  are  obtained,  and  from 
the  latter,  the  mean  Neap  Range  is  known. 

If  there  should  be  no  available  spot  for  the  erection  of  the  tide- 
pole,  or  if  the  tide-pole  is  not  near  enough  to  be  noted  from  the 
ship  (which  may  often  be  done  by  means  of  a  telescope),  a  good 
idea  of  the  rise  and  fall  may  be  obtained  by  noting  the  depth  along- 
side, if  the  ship  be  moored,  with  a  well-stretched  lead-line,  care- 
fully marked  for  the  purpose,  in  feet  and  inches. 

From  the  tidal  observations,  a  daily  tide-table  may  be  made, 
showing  for  every  hour  of  the  day  the  number  of  feet  to  be  sub- 
tracted from  the  soundings  taken  to  reduce  them  to  low  water.  All 
soundings  should  be  reduced  at  once,  and  if  possible  by  the  officer 
who  obtained  them.  If  the  ship's  stay  is  not  long  enough  to  get  the 
times  of  high  water  at  full  and  change,  that  fact  should  be  noted  on 
the  chart,  and  the  rise  and  fall  termed  approximate.  To  determine 
the  rise  and  fall  of  the  tide,  and  to  reduce  soundings  accurately,  re- 
quire considerable  judgment,  patience,  and  experience. 

For  ordinary  purposes,  the  following  table  for  reducing  Sound- 
ings to  the  Mean  Low  Water  Spring  Tide  will  be  found  «w^c\^rL\X^ 
oonect 
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Skc. 


At  Spxing  Tides. 


Deduct  of 
the  full  rise 
at  springs 


2d  h. 


3dh. 


1 


4th  h. 


5th  h. 


6th  h.  /  before  and 
>  after  higl 
"      )  water. 


At  Keap  Tides. 


Deduct  of 
the  ordina- 
ry rise  at 
springs 


\ 


Isth.  I  2dh. 
\ 


th  h.  6th  h.  )  beforeand 


0 


V  after  higli 
)  water. ' 


The  following  diagram  may  explain  the  terms  Spring  Ifige^  Neap 
Bise^  and  Nea/p  Bange. 


TIDE  QAUOe 
XIV 
XIII 


arrMean  level  of  high  water  ordinary  springs. 
6=     »*        "     *'      ''      '*  "•         neaps. 

0=Half  tide  or  mean  level  of  the  sea  both  at  springs  and  ne 
(l=Mean  level  of  low  water  ordinary  neaps. 

springs. 


e-    "• 


44 


(( 


ik 


k( 


&ample. 

Spring  rise  (or  mean  spring  range)=tf  to  a=12  ft 

^Teap  rise,       .        •        .        .         =«  to  6  =10  ft 

Aeap  range,    ....        n^d^Ab^.  8  ft. 
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Tide-Gauges. — Where  the  surface  of  the  water  is  much  disturbed. 
or  when  nice  observations  are  required,  a  glass  tube,  with  a  float  in- 
side, is  secured  to  the  face  of  the  Htaff.  The  lower  end  of  the  tube, 
is  to  be  pardallj  closed  by  a  cork  with  a  hole  through  it,  and  the 
tube  must  be  long  enough  to  extend  several  feet  below  the  surface 
of  the  water,  so  that  all  undulations  will  be  excluded.  In  places 
where  there  is  great  range  of  tide,  and  where  the  swell  of  the  sea 
is  considerable,  making  observations  by  means  of  the  tide-pole  incon- 
venient, the  box-gauge  may  be  employed.  It  consists  of  a  box,  closed 
at  the  bottom,  containing  a  graduated  rod  attached  to  a  copper  float, 
which  is  free  to  move  by  the  action  of  the  tide.  The  rod  is  gradu- 
ated downward,  and  is  arranged  to  be  read  eitlier  at  the  top  of  the 
box  or  at  some  convenient  opening  in  the  side.  The  place  in  either 
case  is  called  the  reading  point ^  and  is  to  be  referred  to  the  bench- 
mark by  levelling.  It  is  also  necessary  to  record  the  distance  from 
the  zero  of  the  rod  to  the  water-line  of  the  float,  in  order  to  compute 
the  elevation  of  the  bench-mark  above  the  surface  of  the  water. 
The  water  is  admitted  through  holes  on  the  sides  and  near  the  bot- 
tom, and  these  should  be  only  large  enough  to  admit  the  water  freely ; 
care  is  necessary  to  prevent  their  being  clogged  by  weeds  and  debris. 

A  self-registering  apparatus  is  generally  attached  to  the  box-gauge, 
80  arranged  that  the  flow  carries  a  pencil  by  which  a  continuous 
carve,  representing  the  successive  changes  in  the  height  of  the 
water,  is  traced  on  paper  wrapped  about  a  cylinder  revolved  by 
clock-work.  The  scale  is  such,  that  every  hour  is  represented  by  one 
inch,  and  is  pricked  into  the  paper  by  points  on  the  cylinder  which 
moves  the  paper  forward.  A  continuous  sheet,  cufficient  for  the 
record  of  a  whole  month,  is  put  on  the  tide-gauge  at  one  time. 
'  In  ports  where  interruptions  are  experienced  in  winter,  from  the 
box  becoming  clogged  with  ice,  various  devices  are  resorted  to  for 
overcoming  this  difficulty ;  sometimes  a  heating  apparatus  is  used  to 
maintain  a  temperature  above  the  freezing-point  in  the  box.  An 
arrangement  in  use  at  Boston  is  called  an  *''  Arctic  Tide-Gauge,^' 
and  has  compared  well  with  the  ordinary  float- gauge.  It  consists  of 
an  iron  tube,  about  four  inches  in  diameter,  bolted  to  a  pile  or  wharf. 
It  is  open  at  the  top,  and  has  a  nipple  at  its  lower  end,  to  which  is 
attached  an  elastic  bag  supported  by  a  cage.  Glyceriue  is  poured 
into  it  from  the  top  of  the  tube,  and  rises  and  taVV'^  Vu  \)\\^  Wc^^  \£l 
proportion  to  t>he  vazying  height  and  pressuxe  ot  t\i^  c;oVxv£ltl  q1 
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water  above  the  elastic  bag,  the  difference  in  the  height  of  the  two 
columos  beiug  in  proportion  to  the  difference  of  the  specific  gravity 
of  the  water  and  the  glycerine.  A  copper  tube,  about  three  inches  in 
diameter,  and  of  a  length  a  little  greater  than  the  range  cf  the  tide, 
Hoats  in  the  glycerine  within  the  iron  tube.  It  is  open  at  the  top 
and  closed  at  the  bottom,  and  if  left  free  would  rise  and  fall  with  the 
changes  in  level  of  the  liquid.  Near  the  top  of  the  iron  tube  there  are 
three  spiral  springs,  fixed  at  the  top  and  united  at  the  bottom  by  a 
plate  from  which  the  copper  tube  is  suspended.  From  a  stem  at- 
tached to,  and  moving  with,  the  copper  tube,  a  line  leads  over  a 
pulley,  and  gives  horizontal  motion  to  the  pencil  carriage  of  the 
recording  apparatus.  As  the  level  of  the  liquid  changes  in  the 
annular  space  between  the  tubes,  the  spiral  spring  at  the  top  is  more 
or  less  extended. 

Self-registering  tide-gauges  being  in  continuous  operation,  all  other 
fluctuations  of  the  water-level,  besides  that  due  to  the  tides,  are  like- 
wise recorded. 

The  tide-curves  of  some  coasts  are  frequently  found  indented  by 
fluctuations  produced  by  earthquakes. 


Table  for  Ascertaining  Velocity  of  Tide  by  Noting  the  Number 
of  Seconds  a  Knot  of  47.3  feet,  measured  on  the  liog-Ijine, 
takes  to  Run  Out. 


Time  in 

l^ate  in    1 

1  Time  in 

Rate  in    , 

Time  in 

Rate  in 

Time  in 

Rate  in 

seconds. 

knots.      1 
5.76       1 

8t  conds. 

knots.      1 
1.65       ! 

secondK. 

knots. 

1 

0.96      ! 

seconds. 

knots. 

5 

17 

29 

41 

0.68 

6 

4.80 

18 

1.55 

30 

0.9^3 

42 

0.67 

7 

3.9t) 

19 

1.47 

31 

0.90 

43 

0.66 

8 

3.50 

20 

1.40 

32 

0.87 

44 

0.63 

» 

3.20 

21 

1.&3 

33 

0.85 

45 

0.62 

10 

2.80 

22 

1.27 

34 

0.82      1 

46 

0.61 

11 

2  54 

23 

1.23 

35 

0.80 

47 

0.60 

12 

2.23 

24 

1.17 

36 

0.78 

48 

0.B8 

13 

2.15 

25 

1.12 

37 

0.76 

49 

0.67 

14 

1.99 

26 

1.08 

38 

U.74 

15 

1.87 

27 

1.04      1 

39 

0.72 

Hi 

1.76 

28 

l.OU 

1       40 

! 

0.70 

Note. — Three  or  four  knots  should  Vie  timed,  «tvd  VYve  voeuv  taken. 
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CURRENT  OBSERVATIONS. 

Ak  accurate  knowledge  of  the  yelooities  and  directions  of  the  car- 
rentR  which  sweep  about  the  coasts  and  harbors  is  of  great  import- 
ance to  the  navigator,  who  is  therefore  greatly  interested  in  the  de- 
termination, by  observations,  of  the  set  and  drift  of  tidal-currents  at 
all  stages  of  the  flood  and  ebb  daring  the  several  quarters  of  the 
lonar  month. 

Tidal  currents  are  local  in  extent,  being  affected  both  in  direction 
and  velociiiy  by  the  existence  of  obstructions,  either  temporary  or 
permanent,  and  by  the  configuration  of  the  bottom  in  the  imme- 
diate vicinity. 

The  observations  are  very  simple,  and  need  occupy  but  a  shorb 
time  in  calm  weather,  the  results,  when  reduced  to  the  mean  values, 
being  more  reliable  than  those  of  a  series  through  a  semi-lunation  of 
variable  weather. 

The  observations  should  begin  at  slack  water,  and  may  end  after 
twelve  or  twenty-four  hours,  at  the  commencement  of  the  flood  or 
ebb.  The  vessel  should  be  anchored  in  the  channel,  and  her  posi- 
tion fixed  when  riding  to  the  flood  and  to  the  ebb. 

The  velocity  of  the  current  should  then  be  found  every  half -hour 
while  it  is  strong,  and  more  frequently  as  it  fails,  using  a  log-line 
marked  in  nautical  miles  and  tenths  to  show  the  drift.  The  set  of 
the  current  is  obtained  by  sextant,  taking  the  angle  from  the  log- 
chip  to  a  station  on  shore,  and  as  distant  as  possible.  If  no  well-de- 
termined signal  is  in  sight,  the  direction  of  the  carrent  may  be  de- 
termined by  compass,  carefully  recording  the  deviation.  The  mag- 
netic course  of  the  current  is  wanted.  The  local  mean  time  of  each 
observation,  and  particularly  at  the  beginning  and  end  of  the  slack, 
the  direction  and  force  of  the  wind,  and  the  depth  of  water  at  every 
slack,  should  be  recorded. 

In  order  to  reduce  the  current  observations  of  a  single  day  to  the 
mean  value,  the  tide-gauge  must  be  recorded  through  at  least  a 
seini-lunation,  including  the  day  of  current  records. 

The  current  irUervals  and  the  duration  of  a  current  are  estimated 
from  the  middle  time  of  slack  water,  and  the  interval  from  the  tran- 
sit of  the  moon  to  the  time  of  turning  may  lh\x&  \^  ^^^t^roiYcv.^. 
From  ohaeryation,  it  baa  been  found  that  the  tinxe  oi  ixi«bSxaixsLXEL^^- 
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tocity  corresponds  to  the  middle  tim«  of  the  cairent.  Ihe  time  of 
iQuimnm  velocity  tor  a  smgla  «bb  or  flood  ma;  be  found  from  the 
observed  times  and  velocities,  eitbei  bj  iuterpoUtioa.  or,  more  acca- 
lately,  by  plotting  the  curve  of  velocities,  upon  a  diagrHm,  usiiigthe 
corrcnt  intervals  througboat  the  duratioa  of  the  coireDt  and  the  ve- 
looities  as  co-ordinates,  and  the  buiar  intenai  of  the  observed  maxi- 
mam  cnrrent  then  becomes  hnoirn.  The  middle  time  of  the  rise  of 
the  tide  is  amoltaneouHly  observed,  and  its  Innai  interval  is  foond, 
and  the  iiinar  interval  of  the  middle  time  of  t^e  tide  is  vompated  from 
along  serioH  of  observatiODB  by  taking  the  half  Ham  of  the  mean  in^ 
terries  of  high  and  low  tides.  The  diSacenoe  between  these  inter- 
vals Ib  a  correction  to  be  applied  to  the  lunar  interval  of  the  observed 
maximum  current  to  fiud  the  mean  lanar  interval  of  maximtim  velo- 

tlsing  the  tidal  observations  for  oomparison,  the  drift  for  spring 
tides  or  for  neaps  ma;  be  computed  from  a  short  aeries  of  oorrent 
observations  by  tlie  following  rule,  which  gives  a  close  approxima- 
tion to  correct  results  :  The  v^joeitxet  of  the  eurreaU  far  correspond- 
ing liour»  of  different  tides  are  to  each  other  as  the  rales  of  rise  nnd 
fall  at  those  hovra. 

The  current  table,  if  intended  to  accompany  a  sketch  or  chart  of 
a  harbor,  should  be  of  the  annexed  form. 
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TIDAIj  streams  in  THB  ENGLISH  OHANNEL.* 

English  ChanneL — Off  the  south  and  southeast  coasts  of  Eng- 
land are  two  tidal  streams,  known  as  the  West  and  East  Channel 
Streams,  running'  m  opposite  directions  at  the  same  time ;  they  are 
each  about  one  hundred  and  eighty  miles  long,  and*are  separated  by 
the  Straits  of  Dover. 

The  West  Channel  Stream  runs  between  the  west  end  of  Dover 
Straits,  and  a  line  joining  the  Start,  to  the  Caskets  ;  the  East  Chan- 
nel Stream  between  the  east  end  of  Dover  Straits,  and  a  line  joining 
Lynn  Wash,  to  the  TexeL  These  streams  both  set  in  a  direction  to- 
ward Dover  while  the  water  is  rising  at  that  place,  and  away  from 
it  while  it  id  falling.  They  also  run  in  opposite  directions  to  the 
two  streams  outside  them,  viz.,  the  stream  at  the  mouth  of  the 
Channel  and  the  stream  in  the  North  Sea. 

Off  the  mouth  of  the  English  Channel,  the  stream,  although  influ- 
enced by  the  indraught  and  outset  of  the  Channel,  will  be  found 
running  to  the  norViward  and  eastward  while  the  water  Ib  falling  at 
Dover  ;  and  to  the  southward  and  westward  while  it  is  rising  at  that 
port. 

Between  a  line  joining  the  Land's  End  to  Ushant,  and  a  line  join- 
ing the  Start  to  the  Caskets,  is  a  mixed  tide,  influenced  by  the 
West  Channel  and  offing  streams. 

The  change  of  the  Chinnel  Stream  does  not  differ  materially 
within  its  fair  navigai>Ie  limits.  Both  flood  and  ebb  streams  turn 
from  one  to  two  hours  earlier  in  the  bights  of  the  coast  than  in 
the  offing,  of  which  vessels  may  take  advantage  when  turning  to 
windward. 

Between  the  Lizard  and  the  Start,  the  easfc-going  tidal  stream 
mas  usually  from  about  three  hours  before  to  two  and  a  half  hours 
after  high  water  by  the  shore  at  Plymouth.  The  west-going  stream 
runs  from  three  and  a  quarter  hours  after  to  two  and  a  half  hours 
before  high  water  by  the  shore  at  Plymouth. 

'fhe  tides  about  Plymouth  Sound  are  tolerably  regular,  generally 
ranning  each  way  about  six  hours  and  ten  minutes  at  a  mean.     In 

*  If  ih€  tidal  stream  is  marked  three  knots  on  the  chart,  and  it  be  sprtngx, 
otJtr»t  hour  allow  one  knot,  second  hour  two  knots,  third  hour  three  knots,  fourth 
^ur  two  knots^  fifth  hour  one  knot.  Take  one-third  from  ea/ch  of  tliese  qiiant\Ue%  \j 
ft  b€  neaps. 
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Hamoaze  the  flood  stream  continues  to  mn  np  on  spring  tiden 
about  fifteen  minutes  after  high  water  at  Devonport  dockyard. 
Abreast  of  Plymouth  Sound,  about  six  miles  from  the  land,  the 
streams  are  very  irregfular,  and  do  not  turn  with  the  tide  farther  out 
in  the  offing. 

There  is  an  outset,  running  from  S.S.E.  round  toS.W.  by  S.,  out 
of  the  West  Bay  of  Portland  from  fivo  hours  before  to  four  hours 
after  high  water  by  the  shore.  This  stream,  which  forms  the  Port- 
land Race,  acquires  such  velocity  as  to  extend  far  beyond  Portland 
Bill  before  it  turns  to  the  eastward,  leaving  a  strong  eddy  between 
it  and  the  land.  Having  assumed  its  easterly  course,  it  rushes  past 
the  pitch  of  the  Bill  at  the  rate  of  six  or  seven  knots  at  springs, 
leaping  and  foaming  over  the  broken  ground  of  Portland  Ledge  with 
great  violence. 

A  short  distance  eastward  of  the  Ledge,  this  outset  is  met  by  the 
stream  which,  after  high  water  by  the  shore,  set«  for  nine  and  a  half 
hours  to  the  southwest  out  of  the  East  Bay  of  Portland  ;  these 
united  streams  pass  on  toward  the  Shambles,  which  shoal  they  cross 
obliquely,  running  about  east  with  a  velocity  of  from  three  to  four 
knots. 

The  strong  tides  in  the  Gulf  of  St.  Malo  will  influence  a  ves- 
sel when  near  the  Caskets,  and  it  is  therefore  necessary  to  use  great 
caution;  for  the  indraught  is  strong  into  the  Gulf,  and  with  a  gale 
between  N.W.  and  S.W.  the  consequences  may  be  most  disastrous. 

There  is  a  considerable  indraught  on  both  flood  and  ebb  into  all 
the  deep  bights  between  Portland  and  the  Owers ;  the  use  of  the  lead 
in  thick  weather  is  therefore  strictly  enjoined. 

In  the  Solent,  as  far  west  as  Portland,  there  are  what  are  termed 
the  fij'st  and  second  high  waters,  probably  caused  by  the  tidal  stream 
aii  Spithead. 

After  low  water  at  Southampton,  the  tide  rises  there  steadily  for 
seven  hours,  which  may  be  considered  as  the  first  or  proper  high 
water ;  it  then  ebbs  for  an  hour  about  nine  inches,  at  the  end  of  which 
time  it  again  rises,  and  in  about  one  and  a  quai*ter  hours  reaches 
its  former  level,  and  sometimes  higher — this  is  called  the  second 
high  water.  Similar  first  and  second  high  waters  occur  off  either 
shore  of  the  Solent.  To  the  mariner,  the  knowledge  that  the  high 
water  at  Southampton  remains  nearly  stationary  for  over  two  hours 
jnaj^  in  some  cases  he  important. 
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At  Spithead  the  eastern  stream  makes  about  two  and  a  half  hooK 

after  high  water  in  Portsmouth  harbor,  and  runs  seven  hours  S.  K  by 

S.;  and  the  western  stream  about  two  and  a  half  hours  before  high 

water,  and  runs  five  hours  N.W.  by  N. 

In  Portsmouth  harbor  the  flowing  continues  about  seven  hours, 
and  a  Darrow  stream  runs  in  fifteen  or  twenty  minutes  after  high 
wiater  at  the  dockyard.  At  springs  the  tide  runs  with  a  velocity  of 
four  and  a  half  knots  at  the  entrance  of  the  harbor. 

The  West  and  East  Channel  Sta:eamB  meet  in  Dover  Straits  whUe  the 
water  is  rising  at  Dover,  and  separate  while  it  is  falling.  The  point 
of  meeting  is  not  stationary,  however,  but  moves  from  west  to  east 
between  Beachy  Head  and  the  North  Foreland.  Strong  west  gales 
prolong  the  east  stream  and  retard  the  west  stream.  Both  streams 
have  an  average  rate  of  three  knots  at  springs  and  two  knots  at  neap. 

On  approaching  Boulogne  at  the  beginning  of  a  rising  tide,  recol- 
lect that  the  Channel  Streams  meet  thereabouts,  and  turn  smith  upon 
the  French  coast ;  so  that  a  vessel,  which  on  the  English  side  would 
have  a  stream  setting  her  up  channel,  here  encounters  one  on  her 
beam,  sweeping  her  down  toward  the  French  shore. 

At  Havre,  on  the  French  coast,  the  high  water  remains  stationary 
for  one  hour,  with  a  rise  and  fall  of  three  or  four  inches  for  another 
hoar,  and  rises  and  falls  only  thirteen  inches  for  the  space  of  three 
hours ;  this  long  period  of  nearly  slack  water  is  very  valuable  to  the 
traffic  of  the  port,  and  allows  from  fifteen  to  twenty  vessels  to  enter 
or  leave  the  docks  on  the  same  tide. 

In  the  Downs  the  northeastern  stream  begins  about  one  hour 
twenty  minutes  before  high  water  at  Dover,  and  continues  to  run 
five  hours  thirty  minutes ;  it  then  turns  and  runs  in  a  contrary  di- 
rection till  two  hours  before  the  ensuing  high  water. 

The  greatest  rise  and  fall  at  springs  on  the  south  coast  of  England 
18  twenty-four  feet  at  Hastings,  the  least  being  five  feet  at  Christ- 
church. 

At  all  places  webtward  of  St.  Alban's  Head  it  is  high  water,  full 
and  change,  between  five  hours  and  six  hours ;  and  at  all  places  east- 
ward of  the  Head  between  eleven  hours  and  twelve  hours. 

In  the  Irish  Channel,  experiments  have  shown  that  the  turn  of  the 
stream  over  all  the  fair  navigable  portion  of  the  Channel  is  nearly  simul- 
taneous, and  that  the  time  of  the  turn  corresponds  neatVy  V\>uCk  Wi^ 
time  of  high  and  low  water  on  the  ahore  at  the  entrance  ot  "Lv^er^w^ 
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So  that  it  is  only  necessary  to  know  the  times  of  high  and  low  water  at 
that  place  to  determine  the  hour  when  the  stream  of  the  tide  will 
commence  or  ttrminate  in  any  part  of  the  Channel. 

As  a  rough  general  rule,  in  the  fair-way  of  both  the  Irish  and 
English  Channels,  a  vessel  will  be  carried  nine  miles  by  the  stream 
in  a  whole  tide  at  springs,  and  about  six  miles  at  neaps ;  but  near 
to  the  land,  on  either  side,  the  rate  of  the  stream  greatly  increases, 
and  the  direction  varies. 


OCSAN  CURRENTS. 

(Bedford.) 

The  currents  of  the  ocean  are  properly  distinguished  by  the  differ- 
ent and  significant  names — Stream  and  Drift. 

The  Drift  Current  is  merely  the  effect  of  the  wind  on  the  sur- 
face of  the  water ;  as,  for  example,  in  the  region  of  the  trade  winds, 
where  the  whole  surface  of  the  sea  (generally  speaking)  is  converted 
into  a  slow  current  moving  to  leeward.  A  drift  current  is,  therefore, 
shallow  and  slow,  and  can  run  in  no  other  direction  than  to  leeward. 

The  Stream  Current  has  been  described  as  an  accumulation  of 
the  parts  of  the  drift  into  a  collective  mass  by  the  intervention  of 
some  obstacle ;  the  mass  then  running  off  by  means  of  its  own 
gravity,  and  taking  the  direction  imposed  on  it  by  the  obstacle,  be- 
comes a  stream  of  current,  and  in  many  cases  a  powerful  stream, 
pursuing  its  way  like  a  vast  river  through  the  ocean. 

These  "  oceanic  rivers  "  may  vary  in  breadth,  like  the  Gulf  Stream, 
from  fifty  to  two  hundred  and  fifty  miles,  and  are  sufficiently  deep 
to  be  turned  aside  by  banks  which  do  not  rise  within  sixty  or  eighty 
fathoms  of  the  surface,  and  run  with  such  rapidity  as  to  be  unin- 
fluenced materially  by  the  wind,  except  near  their  borders. 

Changes  of  temperature  of  the  surface  water  are  frequently  ab- 
rupt. These  changes  are  especially  marked  on  the  edges  of  stream 
currents,  as,  for  example,  on  the  north  and  west  edges  of  the  Gulf 
Stream,  where  it  is  met  by  the  Labrador  current  from  Davis's  Strait, 
and  the  two  streams  run  nearly  side  by  side  ;  and  again  off  the  eaf  t 
coast  of  South  America,  south  of  Bio  de  la  Plata,  where  the  Brazil 
current  is  met  by  the  cold  stream  from  Ga^ft  Hotru 
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The  Currents  of  the  Atlantic  Ocean. 

The  Arctic  or  Labrador Cold. 

The  Gulf  Stream Warm. 

TheN.B.  Trade  Drift 

The  Guinea  Current Warm. 

The  Equatorial  Current Cold  at  the  beginning. 

The  Equatorial  Counter- Current Warm. 

The  Brazil  Current Waim. 

The  Cape  Horn  Current Cold. 

A  general  set  to  the  northward  from  the  Antarctic  regions. 

The  Arctic  or  Labrador  Current  sets  from  SmitVs  Sound 
through  Bafiin's  Bay  and  Davis^s  Strait,  and  then  forms  a  broad  stream 
nmning  parallel  to  the  coasD  of  Labrador ;  its  eastern  limit  being 
in  about  latitude  50"*  N.,  and  long.  42 '  W.  From  the  parallel  of  50^ 
K.,  the  current  turns  to  the  south  and  southwest,  running  over  the 
Banks  of  Newfoundland,  and  then  forming  the  cold  stream  that  sets 
along  the  American  shores  between  the  Gulf  Stream  and  the  land. 
This  current  brings  with  it  the  large  quantity  of  field-ice  and  ice- 
bergs that  are  found  in  the  neighborhood  of  Newfoundland.  On 
first  meeting  with  the  Gulf  Stream,  a  portion  of  the  Labrador  Cur- 
rent setting  to  the  southward  becomes  an  undercurrent,  carrying 
field-ice  and  icebergs  into  the  warm  water.  Icebergs  have  been 
token  by  this  ii-eans  as  far  south  as  the  parallel  of  38^  N. 

The  Gulf  Stream. — This  remarkable  ** ocean  river"  issues  with 
great  velocil^,  and  in  great  volume,  from  a  sea  of  unusually  high 
temperature,  and  deposits  a  vast  body  of  warm  water  in  the  central 
part  of  the  North  Atlantic  Ocean ;  a  warmer  region  of  the  atmos- 
phere is  thus  formed  in  the  midst  of  a  colder  one  across  two-thirds 
of  the  Atlantic,  between  the  parallels  of  85"  and  45°  N. 

The  water  of  the  Gulf  Stream  is  a  deep  indigo  blue  in  color,  and 
its  junction  with  ordinary  sea  water  distinctly  marked.  In  moderate 
veather  the  edges  are  marked  also  by  ripplings,  and,  in  the  higher 
latitudes,  frequently  by  evaporation.     At  the  suitac^  i\t  i^  dva^^^ 
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into  several  bands  of  higher  and  lower  temperatnre,  of  which  t 
axis  of  the  stream,  or  line  of  greatest  velocity,  is  the  hottest,  t 
temperature  of  the  water  falling  rapidly  in  shore,  and  more  slo^x 
outside  this  line  ;  the  some  features  are  observed  in  a  modified  foi 
at  considerable  depth. 

Between  the  axis  of  the  Stream  and  the  coast,  the  fall  of  tempei 
ture  is  so  sudden  that  the  line  of  separation  has  received  the  d 
tinctive  name  of  the  *'  cold  wall,"  a  difference  of  30"  at  the  surfa 
having  been  here  observed  within  a  cable's  length.  The  presence 
warm  water  is,  however,  not  always  an  indication  that  a  vessel 
under  the  iniiuence  of  the  easterly  current,  as  the  Gulf  Stream,  li 
a  swollen  river,  frequently  overflows  its  banks,  and  a  counter-curre 
of  the  returning  warm  water  prevails;  hence  the  westerly  a: 
southwesterly  currents  so  often  experienced  to  the  southward  a 
eastward  of  the  Gulf  Stream. 

The  warm  water  limits  are  very  variable,  as  are  also  in  a  less 
degree  those  of  the  Stream,  for  N.E.  and  S.E.  gales  force  the  lati 
to  the  banks  skirting  the  American  shores,  whilst  N.W.  and  weetei 
gales  drive  the  Stream  from  the  shore,  so  that  the  anomaly  of  t 
Stream  running  in  cold  water,  and  its  absence  in  the  warm  wat( 
has  been  observed. 

The  velocity  of  the  Gulf  Stream  varies  with  the  seasons,  runni: 
strongest  in  July,  August,  and  'September.  On  entering  Flori 
Straits  from  the  Gulf  of  Mexico,  the  general  rate  is  from  two  a: 
a  half  to  four  miles  an  hour ;  in  the  narrows  of  the  Straits  fi 
miles  an  hour  has  been  observed  in  August;  beyond  this,  to  t\ 
parallel  of  85°,  the  rate  is  about  three  and  a  half  miles,  gradual 
decreasing  as  the  Stream  spreads  to  the  N.E.,  although,  even  ne 
the  meridian  of  45"  W.  and  on  the  forty-third  parallel,  the  exce 
tional  rate  of  four  miles  an  hour  in  August}  has  been  recorde 
Eastward  of  35°  W.  it  becomes  the  great  northeasterly  surface  dr 
that  is  felt  as  far  as  the  coast  of  Norway. 

On  issuing  from  the  Gulf  of  Mexico,  the  Stream  has  a  maximu 
temperature  of  85°,  or  5°  to  G^  above  the  ocean  temperature  due 
that  latitude ;  and  off  the  Banks  of  Newfoundland  is  higher  by  2 
or  30°   than  the  adjoining  ocean.      The  following  table  gives  ti 
average  temperature  in  the  axis  of  the  Stream,  or  warmest  band 
water. 
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Winter. 

Spring. 

Summer. 

Autumn. 

Florida  StMits 

De^. 
77 
76 
72 
67 
62 

Deg. 

78 

7r 

73 

68 
67 

Dcg. 
A3 
82 
80 
80 
78 

Deg. 
82 

Off  Charleston 

81 

Off  Caoe  Hatteras  

76 

8E. of  Nantucket  Shoals 

South  of  Nova  Scotia 

12 

69 

The  weather  in  the  Gulf  Stream  is  warm,  squally,  and  unsettled, 
anl  with  S.W.  or  W.  gales  the  air  is  sultry.  Beyond  its  north  and 
l^est  limits  the  weather  is  extremely  cold.  The  sea  in  had  weather 
is  heavy  and  irregular. 

The  Guinea.  Current. — The  drift  current  setting*  to  the  south- 
ward along  the  West  Coast  of  Africa,  between  Cape  Spartel  and  Cape 
Verde,  becomes  after  passing  the  latter  promontory  a  stream  current, 
ranniDg  to  the  eastward  along  that  part  of  the  African  coast  com- 
prised chiefly  bet«veen  Cape  Roxo  and  the  Bight  of  Biafra,  extend- 
ing southward  to  the  third  and  second  parallels  of  north  latitude. 
Its  western  limit  can  be  traced  at  all  seasons  of  the  year  as  far  as 
the  twenty-third  meridian  of  west  longitude;  but,  in  the  summer 
and  autumn  months  especially,  an  easteiiy  current,  extending  be- 
yond this  meridian  to  that  of  53"  W.  is  frequently  experienced ;  this 
is  probably  an  expansion  of  the  Guinea  Current  proper,  and  due  to 
influences  not  yet  investigated. 

The  greatest  velocity  of  the  Guinea  Current  is  stated  to  be  off 
Cape  Palmas,  where,  at  a  few  miles  from  the  shore,  it  has  been  found 
to  run  more  than  three  knots  an  hour.  The  space  separating  this 
Current  from  the  Equatorial  is  generally  limited,  thus  representing 
the  remarkable  feature  of  two  well-marked  streams  running  in  ex- 
actly opposite  directions  side  by  side. 

For  about  two  hundred  miles  from  the  coast  between  Cape  Verde 
and  Sierra  Leone,  winds  and  current  change  with  the  seasons. 
From  June  to  Septamber,  squally  S.W.  winds  prevail,  with  a  N.E. 
or  northerly  current.  From  October  to  May,  when  N.E.  and  north- 
erly winds  prevail,  a  southeasterly  current  is  expetienc^d. 

Between  SieiTA  Leone  and  Cape  Palmas  the  cxuteiit  \^  Sxi^xsL^x^e^^ 
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by  the  wind.  Between  May  and  October  the  current  runs  to  the 
N.W.,  with  winds  south  of  S.W.;  and  S  B.,  with  winds  west  of  S.W. 
In  November  it  generally  sets  to  the  N.W.,  while  from  Deoember  to 
May  a  S.E.  current  it  experienced. 

In  the  Harmattan  seasons  (December  to  February),  the  Guinea 
Current  near  the  land  is  checked,  and  in  shore  a  westerly  set  is 
found.     Heavy  tornadoes  have  a  similar  effect. 

The  Equatctrtal  Current. — The  drift  current  setting  to  the 
southward  along  the  African  coast,  between  St.  Helena  Bay  and 
the  river  Congo,  forms,  af  ter  passing  that  river,  the  Equatorial  Cur- 
rent, which  in  its  course  between  the  Continents  of  Africa  and 
America  becomes  a  stream  current,  formed  of  water  brought  from 
a  cooler  region  by  the  prevailing  southerly  winds.  The  surface  tem- 
perature in  the  eastern  part  of  the  Equatorial  Current,  is  several  de- 
grees colder  for  a  great  part  of  the  year  than  the  adjacent  Guinea 
Current,  affording  evidence  of  receiving  waters  from  a  remiote  and 
colder  parallel. 

The  Equatorial  current  appears  to  attain  its  greatest  volume  and 
velocity  during  the  season  of  the  northern  summer.  From  the  Afri- 
can coast  to  about  the  15th  degree  of  west  longitude,  the  maximum 
strength  has  been  observed  in  June  and  July ;  westward  of  that 
meridian  at  successive  later  periods,  or  between  July  and  October. 

The  northern  boundary,  or  rather  the  well-marked  line  of  separa- 
tion between  it  and  the  Guinea  current,  has  been  well  traced  in  the 
space  extending  from  the  meridian  of  Greenwich  to  23°  W.,  and  is 
found  to  vary  little  at  the  several  seasons  of  the  year. 

From  Anno  Bom  Island  to  about  the  15th  meridian  of  W.  longi- 
tude, the  following  are  the  average  surface  temperatures  of  tibe 
Equatorial  Current : 

December  to  March,  78°  to  82" . .  .March  to  July,  82''  to  72°. 
July  to  October,  72"  to  75' October  to  December,  75°  to  78". 

Westward  of  the  15th  meridian,  the  surface  temperatures  at  the 
several  seasons  lessen  materially  in  their  range,  and  the  Equatorial 
Current  gradually  loses  its  earlier  features  of  being  a  cold  water 
stream  atone  particnlai  season  ot  the  yeai. 
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The  Equatorial  Counter-Current. — Between  the  mouths  of 
Jnlyand  November,  the  northw-esterly  drifts  from  the  Equatorial  Cur- 
rent appear  to  be  suspended,  aud  an  easterly  current  prevails  (probably 
at  an  expansion  of  the  Guinea  Current).  Between  53°  and  40°  W.  it 
attains  a  rate  of  sixty  miles  a  day ;  eastward  of  40"  it  decreases  in 
strength ;  and  between  oO"*  and  20  W.  it  runs  from  thirty  to  fiiteen 
miles  a  day. 

KoRTn  Coast  op  Brazil  and  Coa8T  of  Guinea. — A  great  part 
of  the  Equatorial  Current  runs  along  this  part  of  South  America  on 
its  w^ay  to  the  West  Indies.  The  rate  of  this  current  may  vary  from 
OQe-half  to  four  miles  an  hour,  according  to  the  distance  from  mid- 
dle of  the  stream  and  season  of  the  year ;  it  probably  attains  its 
greatest  strength  at  one  hundred  or  one  hundred  and  twenty  miles 
from  the  coast.  This  stream  is  about  two  hundred  miles  wide,  the 
inner  edge  varying  from  fifteen  to  forty-five  miles  from  the  coast. 
Within  a  few  miles  of  the  coast,  tidal  streams  are  perceptible. 

During  the  prevalence  of  N.E.  winds,  a  current  runs  E.S.E.  along 
and  near  the  north  coast  of  Brazil ;  this  fact  is  well  known  to  the 
masters  of  the  coasters. 

UiTBR  Amazon. — The  waters  of  the  Amazon  attain  their  highest 
elevation  in  May,  after  a  gradual  rising  of  six  months'  duration ;  and 
then  gfradually  fall  six  months.  The  stream  from  the  Amazon  (the 
ebb)  at  first  sets  E.N.E.,  then  inclines  to  N.  and  N.W.,  as  it  unites 
with  the  Equatorial  Current,  increasing  the  velocity  of  the  latter. 
The  surface  of  the  ocean  is  discolored  by  the  waters  of  the  Amazon 
for  a  considerable  distance  to  the  northward  and  westward  of  the 
mouth  of  that  river. 

Thb  Braz[L  Current  is  a  branch  of  the  Equatorial,  setting 
along  the  coast  of  tlie  b^outh  American  Continent  to  about  the  paral- 
lel of  42'  S.,  where  it  is  met  by  the  cold  Cape  Horn  Current  setting 
northward. 

For  about  one  hundred  and  fifty  miles  from  the  Brazilian  coast, 
between  the  parallel  of  10**  S.  and  Cape  Frio,  the  current  is  influ- 
enced by  the  wind.  Between  October  and  January  it  generally  sets 
to  the  S.W.,  at  the  rate  of  twenty-five  to  thirty  miles  a  day;  be- 
tween March  and  September  it  sets  to  the  northward,  running  strong 
in  July,  when  it  occasionally  attains  a  velocity  ot  lott^-e\^\»  m^^^i^ 
a  day. 

12 
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Rio  db  hA  PiiATA. — The  currents  of  the  Rio  de  la  Plata  are  gov- 
erned by  the  winds,  the  water  rising  with  southerly  and  faUing 
with  northerly  winds.  Off  the  entnmce  they  generally  set  to  the 
N.N.W.  before  and  with  southerly  winds,  and  to  the  S.8.E.  before 
and  with  northerly,  ut  rates  varying  from  one  to  three  miles  an  hour. 

The  Currents  of  the  Pacific  Ok)ean« 

The  Aleutian. — A  cold  current  setting  to  the  southward  througl 

these  islands  from  Behring  Sea. 

Japan  Stream  (Kuro  Si  wo).  The  northwest  trade  drift  ourreni 
of  the  Pacific  which  flows  to  the  westward  between  the  paraUels  o; 
9"*  N.  and  20^  N.,  on  reaching  the  eastern  shores  of  the  Philippine  Is 
lands  is  deflected  to  the  northward,  forming  in  latitude  21"  N.,  be 
tween  the  meridian  of  125'  E.  and  the  east  coast  of  Formosa,  thi 
commencement  of  the  great  oceanic  current  known  as  the  K 
Siwo,  or  Japan  Stream. 

During  the  NortJieast  Monsoon  a  part  of  the  Pacific  drift 
rent  continues  its  course  to  the  westward  through  the  Bashee  an< 
Balintang  Channels,  joining  the  monsoon  drift  current,  which  se 
strong  to  the  southwestward  at  this  season,  through  the 
Channel  and  China  Sea. 

During  the  Soiithwent  Monsoon  the  drift  current  which  flows  t 
the  northward  in  the  China  Sea  and  Formosa  Channel,  joins  thi 
Kuro  Siwo,  and  extends  the  western  limit  of  its  stream  to  a  line^ 
joinin<if  the  Island  of  Tung  Ying  (on  the  coast  of  China)  to  Tsu  Sim£^ 
(in  the  Korea  Straits ;  this  limit  is  very  perceptible,  the  waters  of  th0 
Japan  Stream  being  of  a  dark  blue  color,  whUst  that  of  the  colder 
water  of  the  coast  of  China  is  of  a  pale  green ;  the  difference  in 
temperature  of  the  two  streams  is  also  very  marked. 

The  main  body  of  the  Kuro  Siwo  is  joined  at  this  season  1:^  the 
monsoon  drift-current  of  the  China  Sea,  which  albO  sets  to  the 
northeast  through  the  Bashee  and  Balintang  Channels,  and,  being 
augmented  in  force,  flows  rapidly  to  the  northward  along  the  east 
coast  of  Formosa,  passing  between  the  north  end  of  that  island  and 
the  Meiaco  Sima  group,  as  far  as  the  parallel  of  26°  N. ,  where  it  turns 
to  the  eastward,  and  continues  in  a  northeasterly  direction  to  the 
westward  of  the  Liu-Kiu  lBlandB\m\.\Y\tiX^«jc\i^\ive  southern  point  of 
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Japan.  Here  an  ofi^oob  of  the  main  Stream  passes  to  the  north- 
ward, through  the  Korea  Strait,  into  the  Japan  Sea ;  the  main  body 
of  the  Stream,  however,  continues  its  course,  and  trending  still  more 
to  the  eastward,  flows  in  an  E.N. E.  direction  Ihroug-h  Van  Dieman's 
Strait,  the  numerous  channels  between  the  islands  nort.h  of  the 
Linschoten  group,  and  along  the  southern  shores  of  the  islands  of 
Kinsiu  and  Sikok,  forming  races  and  tide-rips,  often  resembling 
heavy  breakers  on  reefs  or  shoals.  The  Kuro  Siwo  attains  its  great- 
est velocity  when  abreast  of  Sikok,  where  it  has  been  known  to  set 
100  miles  in  24  hours ;  its  usual  velocity  in  this  locality,  however, 
being  from  two  to  three  knots  an  hour. 

Continuing  its  course  along  the  south  coast  of  the  Island  of  Ni- 
pon,  past  the  Gulf  of  Yedo,  the  Kuro  Siwo  flows  through  the  chain 
of  islands  lyiilg  south  of  that  Gulf  in  the  numerous  channels  between 
which  its  direction  is  found  to  be  variable  and,  under  tidal  influence, 
as  far  as  latitude  36^*"  N.;  the  northern  edge  of  the  Japan  stream 
then  leaves  the  coast  of  Nipon  and  runs  N.E.,  while  a  cold  current 
setLing  to  the  southward  along  the  shores  of  Kamschatka  and  the 
Kuril  Islands,  intervenes  between  the  Kuro  Siwo  and  the  northeast- 
ern shores  of  Nipon  and  Yezo. 

At  about  the  meridian  of  150"  E.,  the  Kuro  Siwo  divides  ;  one  part 
flowing  to  the  northward,  and  taking  the  name  of  Kamschatka  cur- 
rent, is  felt  as  far  as  the  Aleutian  Islands  and  Behring  Strait, 
whiLst  the  greater  portion  of  the  Stream  continues  in  an  easterly 
direction  between  the  parallels  of  32**  N.  and  41  N.,  as  far  as  the 
meridian  of  160"  E.,  where  it  is  deflected  to  the  southeastward  as 
far  as  the  meridian  of  180*,  there  losing  its  identity  in  the  drift 
currents  of  the  North  Pacific  Ocean,  which  flow  to  the  north  and 
northeastward. 

The  maximum  temperature  of  the  Stream  during  the  S.W.  mon- 
soon is  8(5",  and  its  northwestern  edge  is  strongly  marked  by  a 
sadden  thermal  change  in  the  water  of  from  12'  to  20^  ;  but  the 
southern  and  eastern  limits  are  much  less  distinctly  marked. 

In  the  summer  months,  viz. ,  from  May  to  September  inclusive, 
the  mean  temperature  of  the  Kuro  Siwo  is  82%  or  7^  higher  than 
the  mean  temperature  of  the  ocean  in  the  same  latitude. 

In  the  months  of  April  and  October,  hot  and  cold  belts  are  found 
alternating  in  the  stream^  the  temperature  of  which  be\\j&d\%«t  Itqtbv 
7°  toW;  wMlat dnrinff  the  winter  months,  viz.,  itom'S^o^ftmXietX.Q 
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jtrch,  the  temperature  of  the  Stream,  attaiuing  in  the  latitude  of 
:>rmosa  a  mean  of  74"*,  falls  on  reaching  the  shores  of  Japan  to 
i\  or  below  the  temperature  of  the  ocean  at  the  same  season. 

The  Kamschatka  Current  is  a  branch  of  the  Kuro  Si  wo,  from 
vhich  it  separates  in  the  parallel  of  40"  N. ,  on  the  meridian  of  150** 
E.,  and  flows  to  the  noi*theastward,  as  far  as  51°  N.,  at  an  averago 
rate  of  eighteen  miles  a  day,  its  breadth  being  about  two  hundred 
miles ;  a  branch  then  trends  to  the  eastward,  toward  the  Aleutian 
Islands.  Between  the  parallels  of  SI''  K  and  60°  N.  there  is  a  diffi- 
culty in  tracing  this  current,  but  beyond  60°  N.  it  is  again  found 
setting  to  the  northeast;  passing  west  of  St.  Matthew  Island 
nnd  east  of  St.  Lawrence  Island,  it  flows  along  the  American  coast 
through  Behring  Strait  into  the  Arctic  Ocean.  In  the  Strait  the  mean 
temperature  of  its  waters  (53^)  is  15'^  higher  than  that  of  the  waters 
along  the  Asiatic  shore.  The  channel  between  St.  Lawrence  Island 
and  the  coast  of  Asia  is  hampered  with  ice  until  July,  while  the  coast 
of  America  is  free  from  ice  in  the  month  of  ApriL 

The  Oya  Si  wo. — A  counter-current  of  cold  water,  called  the  Oya 
Si  wo  sets  to  the  southward,  along  the  southeast  coast  of  Kama- 
chatka  and  the  Kuril  Islands,  and  is  felt  as  fur  south  as  Inaboye  Saki 
It  varies  in  velocity  and  extent  in  the  different  seasons,  being  much 
stronger  in  the  winter  than  in  the  summer.  Except  between  the 
Kuril  Islands,  past  Cape  Noyshap,  and  through  the  Tsugar  Strait, 
the  force  of  the  cold  stream  is  about  eighteen  miles  a  day ;  through 
these  narrows,  however,  it  sweeps  occasionally  with  great  speed, 
particularly  during  or  after  a  strong  northeasterly  wind 

The  temperature  of  the  Oya  Si  wo  is  from  10'  to  15"  lower  than 
that  of  the  Kuro  Siwo,  varying  according  to  the  season. 

The  Drift  of  the  N.  E.  Trade  sets  across  the  North  Pacific  Ocean, 
between  the  parallels  of  9"  and  22  N.  A  portion  of  this  drift  (to 
the  northward  of  the  Sandwich  Islands)  turns  to  the  northwest, 
northward,  and  northeastward,  carrying  a  considerable  body  of 
warm  water  into  the  great  bight  between  Vancouver  Island  and  the 
peninsula  of  Alaska. 

The  Mexican  Current  is  a  continuation  of  the  drift  setting  to 

^ie  south  ward  along  the  Calif  ornian  coast.    It  runs  along  the  Mexican 

co/L^t  as  far  as  the  Gulf  of  Fonseca,  "w^iexe  \\»  V^  tjv^\.  «iA  x^c^iirved  tc 
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the  westward  by  the  set  northward  and  westward  from  the  Pacific 
connter-carrent. 

The  Pacific  Countbr-Curkent. — A  large  portion  of  the  Equato- 
rial current  sets  to  the  W.N.  W.  along  the  north  coast  of  New  Guinea. 
On  reaching  the  shores  of  the  Malay  Archipelago,  this  current  recurves, 
and,  flowing  to  the  eastward,  right  across  the  Pacific  Ocean,  between 
the  parallels  of  about  4^  to  8",  forms  the  Pacific  Counter-Current. 
On  reaching  the  American  coast  it  appears  to  divide,  the  main  por- 
tion curving  to  the  northward,  meeting  and  turning  the  Mexican 
Stream  about  the  Gulf  of  Fonseca,  from  which  point  the  streams 
appear  to  run  together  to  the  westward ;  and  the  other  part  turns 
to  the  southward,  meeting  the  Peruvian  stream  between  the  Amer- 
ican coast  and  the  Galapagos  Islands. 

The  Peruvian  Current  is  a  cold  stream  setting  to  the  north- 
ward along  the  coast  of  South  America;  between  the  Galapagos 
Islands  and  the  continent  it  divides,  one  part  running  to  the  north- 
ward, toward  and  then  round  the  Bay  of  Panama,  the  other  curving 
to  the  westward,  and  forming  the  commencement  of  the  Equatorial 
Stream. 

The  meeting  of  the  Mexican,  Pacific  Counter,  and  Peruvian  Cur- 
rents in  the  bight  of  Panama,,  accounts  for  the  variable  weather,  with 
the  tropical  squalls  and  conflicting  currents,  experienced  in  that 
vicinity. 

The  Equatorial  Current,  which  is  considered  as  a  continua- 
tion of  the  Peruvian  Stream,  sets  across  the  Pacific  between  the  par- 
allels of  4""  N.  and  lO""  S.  About  the  meridian  of  180°  it  appears 
to  divide,  one  portion  running  to  the  northwest  along  the  coast  of 
New  Guinea,  the  other  trending  to  the  southwest  along  the  Austra- 
lim  coast. 

The  Australian  Current  is  a  branch  of  the  Equatorial,  setting 
along  the  east  coast  of  Australia  as  far  as  the  meridian  of  Sydney, 
where  the  off-shore  portion  is  met  and  curved  back  to  the  east  and 
northeast  by  the  cold  Antarctic  Current  setting  to  the  northward. 

The  8.  R  Trade  Drift  of  the  Pacific  Bets  across  the  ocean,  turn- 
ing to  the  southward  about  the  meridian  of  Tahiti ;  and  to  the 
soathward  of  latitude  30°  S.  the  direction  of  the  wjlW^^^^^xXx^ 
be  toward  Cape  ^orn. 
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In  the  Pacific,  as  in  the  Atlantic  Ocean,  there  is  a  steady  set  to 
the  northward  from  the  Antarctic  r^ons,  setting  northeast,  in  the 
neighborhood  of  Cape  Horn. 

XoTK. — The  currents  of  the  Indian  Ocean,  and  those  in  the  east- 
em  passages  to  China,  require  careful  attention  from  marinezs  nav- 
igating those  seas,  but  a  description  of  the  currents  is  consideted  to 
be  outside  the  limits  of  a  work  of  this  character. 


GENERAL  HYDROGRAPHIC  INFORMATION. 

The  sailor  has  often  the  opportunity  of  giving  great  assistance  to 
his  fellow-seamen,  by  forwarding  to  the  Hydrography  c  Office  any  in- 
formation from  which  existing  charts  and  sailing  directions  may  lie 
corrected. 

The  language  of  such  communications  should  be  concise,  seaman- 
like, and  descriptive  of  such  matters  as  the  wants  of  a  sailor  are 
likely  to  need ;  as  the  appearance  of  the  coast  on  making  the  land, 
with  its  prominent  headlands  and  mountain  peaks,  giving  their  esti- 
mated height,  and  the  distance  from  which  they  can  be  seen ;  or,  if 
the  coast  be  low,  describing  remarkable  trees,  sand-hills,  or  any 
natural  or  artificial  beacons  that  may  help  to  distinguish  the  locality ; 
the  outlying  dangers,  with  the  means  of  clearing  them ;  and  the  gen- 
eral character  of  the  soundings,  with  the  nature  of  the  bottom. 

Give  information  as  to  where  pilots  are  to  be  obtained ;  the  special 
signals;  pilot  regulations  and  pilotage ;  where  to  get  steam-tugs ;  the 
best  anchorage  or  nearest  harbor  of  refuge  to  make  for  in  case  of 
bad  weather;  or  in  an  extreme  case,  as  a  leak,  etc.,  describe  the 
best  place  to  lay  the  ship  aground,  and  the-  best  time  of  tide  for  so 
doing. 

Describe  all  lights,  buoys,  ond  beacons,  and  notice  any  convenient 
rivers  or  creeks  for  wooding  or  watering. 

Give  general  directions  for  sailing,  steaming,  or  working  by  day, 
by  night,  and  in  a  fog.  State  the  prevailing  winds  and  their  seasons ; 
land  and  sea  breezes  when  they  predominate.  Time  balls,  tide  sig- 
nals and  fog-signals  are  to  be  described,  currents  to  be  noted,  and 
whether  permanent  or  affected  by  periodical  winds.  "When  rivers 
of  any  importance  are  visited,  give  the  points  to  which  the  tide 
readies,  and  to  which  they  are  navigaXJVe,  m\.\i  \3aft  's^locity  of  the 
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stream  at  ebb  and  flood,  and  how  it  may  be  affected  bj  periodical 

rains. 

In  describing  seaports,  give  ro  ranch  of  nantical  statistics  as  will 
enable  seamen  to  judge  of  their  importance,  and  probable  supplies 
that  may  be  obtained  :  as,  where  fresh  water  is  to  be  found,  in  what 
manner,  and  its  quality  ;  facilities  for  coaling  a  steamer,  and  price 
of  coal;  whether  wood  can  be  obtained  in  quantity  sufficient  for 
steaming  purposes,  or  to  combine  with  coal ;  dock  accommodation, 
both  graving  and  floating,  width  of  entrance  gates,  and  depth 
over  sill  at  high  water ;  facilities  for  the  repair  of  a  vessel,  or  the 
nuichinery  of  a  steamer  ;  conveniences  for  heaving  down ;  power  of 
Urgest  crane  or  shears  ;  quarantine  regulations ;  hospitals  for  sailors ; 
shipping  offices  for  seamen  ;  prevailing  diseases,  if  of  a  virulent  char- 
acter, seasons  at  which  they  may  be  expected,  and  precautions  for 
guarding  against  them ;  diet,  clothing,  etc. ;  any  special  custom- 
hoose  regulations;  holidays,  etic  ;  current  money,  and  its  nsual 
talae  in  English  money ;  population  ;  number  of  fishermen  and  sea- 
faring men ;  foreign  consuls  or  consular  agents  ;  means  of  communi- 
cation by  steam  vessels,  by  rail,  by  telegraph,  etc. 

Tides  — For  both  springs  and  neaps  give  the  height  of  high  water 
above  the  level  of  low  water  ordinary  springs.  The  times  and  heights 
of  high  and  low  water  should  be  taken  when  the  moon  passes  the 
meridian  of  the  place  between  11  h.  and  2  h  ,  and  also  between  6  h. 
and  8  h.  If  the  tides  are  practically  affecteJ  by  diurnal  inequality, 
it  should  be  especially  noticed.  In  describing  tide  streams  in  the 
offing,  it  is  desirable  to  use  the  terms  '*east"  or  *' west-going 
stream,"  as  the  case  may  be,  in  order  to  avoid  confusing  the 
"flood"  and  *'ebb"  streams. 

Currents. — In  general,  daring  a  passage,  the  difference  between 
the  position  as  determined  by  observation  and  that  deduced  from  the 
dead  reckoniug  has  been  adopted  as  the  effect  of  a  single  current 
acting  throughout  the  day,  whereas  it  is  probable  that  in  some  parts 
of  the  ooean  the  ship  will  have  passed  through  different  streams 
daring  the  twenty-four  hours,  and  have  been  affected  by  various  im- 
pulses. To  form  consistent  views  on  a  subject  so  deeply  interesting, 
it  is  desirable  where  the  vessel  may  be  crossing  the  boundaries  of 
opposing  currents  (or  where  ripplings,  dis3olored  wattx^  ^CioJss^  <il 
biiSs,  or  BhoaJs  of  Gsb  are  observed)  that  Bystematve  o^^^r^^HXatL^ 
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for  latitade  and  time  should  be  made.  In  determining  the  amount 
and  velocity  of  an  ocean  current,  due  consideration  should  be  given 
to  the  probable  effects  of  bad  steerage,  to  the  action  of  the  swell  and 
sea  upon  the  vessel,  and  also  to  any  changes  in  the  variation  and  de- 
viation of  the  compass. 

Trade  Winds  and  Monsoons. — The  annual  periods  and  geog^ph- 
ical  limits  of  the  trade  winds,  monsoons,  and  rains,  and  the  times 
and  peculiarities  of  the  daily  sea  and  land  breezes,  afford  ample  scope 
for  investigation.  Observations  on  the  hurricanes,  or  revolving 
storms  of  the  Atlantic  and  Indian  Oceans,  and  the  typhoons  in  the 
China  Sea,  are  also  much  required. 

Lights. — Lights  and  light-houses  claim  particular  attention,  and 
any  case  of  a  new  light,  or  error  in  description  of  one  already  estab- 
lished, should  be  immediately  reported.  Every  detail  that  can  be 
useful  to  the  mariner  should  be  obtained,  and  in  describing  a  new 
light,  give  its  character  and  brilliancy  ;  the  intervals  of  its  flashes,  if 
revolving ;  whether  the  illuminating  apparatus  be  dioptric  or  catop- 
tric, and  its  order  or  class  ;  likewise  the  bearings  from  seaward  on 
which  the  light  is  either  visible  or  obscured ;  the  height  of  the 
centre  of  the  lantern  above  the  high  water  of  ordinary  spring  tides ; 
the  height  also  of  the  builJing  from  the  base  to  vane  ;  its  form,  color, 
or  other  peculiarity. 

Vigias. — Numerous  imaginary  dangers  are  traditionally  inserted 
in  all  ocean  charts,  and  from  which  they  might  be  expunged  if 
ample  evidence  of  their  non-existence  within  wide  limits  could  be 
obtained.  Pieces  of  wreck,  dirty  icebergs,  dead  whales,  shoals  of 
fish,  and  sundry  other  floating  Rubstances,  account  for  most  of  these 
reported  rocks.  In  the  neighborhood  of  such  imagined  dangers, 
some  deep  sea  casts  of  the  lead  would  be  well  bestowed,  and  the  ob- 
servant seaman  will  keep  his  eyes  open  to  every  unusual  appearance 
in  the  sea,  such  as  partial  ripplings,  discolored  water,  flocks  of  birds 
or  shoals  of  fish,  as  they  may,  if  not  caused  by  the  meeting  of  cur- 
rents, be  indications  of  some  change  in  the  nature  or  depth  of  the 
bottom.  In  such  cases  a  deep  sea  cast  should  be  obtained.  Before 
reporting  new  rocks  or  dangers,  their  existence  and  position  should 
be  well  determined  ;  for  when  once  doubtful  dangers  are  placed 
upon  the  cbart^  there  ia  considerable  dVE^o\]A.\.^  Vn  x^ma^in^  them. 
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Variation  of  the  Oompass.— Asthe  lines  of  equal  variation  traced 
on  a  chart  are  valuable  to  seamen,  not  only  for  the  ordinary  pur- 
poses of  navigation,  but  also  to  determine  by  comparison  the  varying 
error  of  their  compasses,  pains  should  be  bestowed  in  multiplying 
observations  at  sea  for  the  variation  of  the  compass,  more  especially 
when  the  track  of  the  vessel  passes  through  those  spaces  where  the 
variation  changes  rapidly,  as  off  the  coasts  of  Newfoundland  and 
Nova  Scotia.  These  observations  should  be  tabulated,  with  the 
date,  ship's  position,  direction  of  ship's  head,  and  tables  of  deviation 
of  the  compass  as  determined  at  sea  or  in  port. 

Meridian  Distances. — In  determining  the  longitudes  of  imper- 
fectly known  places,  meridian  distances,  well  measured,  will  be  very 
valuable.  As  meridian  distances  depend  upon  places  whose  positions 
are  well  determined,  it  should  always  be  stated  from  what  point  the 
distance  was  measured  ;  the  time  elapsed  between  the  ratiug  of  th3 
chronometers ;  and  number  of  chronometers  used.  When  u  meridian 
distance  is  measured  to  a  point  or  island  on  an  unsurveyed  coast,  a 
rough  plan  of  the  immediate  neighborhood  should  also  be  provided. 

Courses  and  Bearings  are  invariably  to  be  given  by  compass,  cor- 
rected for  the  deviation.  All  dangers,  especially  those  on  which  a 
vessel  has  struck  or  grounded,  should  always  be  determined  by  two 
or  more  sextant  angles  of  well-selected  objects.  A  careful  magnetic 
bearing  must  also  be  given  of  one  of  the  objects  used.  If  bearings 
<mly  are  observed,  care  should  be  taken  that  they  do  not  cut  each 
o&er  at  a  less  angle  than  30  \ 

In  Sailing  along  a  Coast  of  which  there  are  no  Reliable 
Oharts,  angles,  bearings,  and  true  hearings  *  with  astronomical  ob- 
servations, should  be  taken,  to  correct  the  errors  of  the  existing 
chart  and  to  acquire  some  knowledge  of  the  nature  of  the  coast. 
Latitudes  from  altitudes  of  stars  north  and  south  of  the  zenith  should 
be  obtained,  with  frev|uent  observations  in  the  Northern  hemisphere 


*  The  problem  of  true  hearing  consists  in  measuring  the  angular  distance  between 
the  Bon^B  limb  and  the  object  of  which  the  true  bearing  is  required.  This  angle,  re- 
duced to  the  horisontal  angle  by  right-angled  spherics,  and  applied  to  the  azimuth  of 
the  ■on,  will  give  the  true  bearing  of  the  object.  The  huh  Rhould  Vie  itv  «l  1«.nqy«Jq>\^ 
pinitioQ  for  takinier  an  azimntbf  and  the  angalar  distance  measured  %\iO\)\^  vX^^'^^Xa 
double  tiw  aJtitade  of  the  son. 
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of  the  Pole  star.  The  dead  reckoniDif  should  be  veij  carefully  kept, 
and  carefully  worked,  aud  frequent  comparisons  made  with  the 
astronomical  positions  to  determine  the  amount  of  current  that  may 
be  affecting  the  vessel. 

li:  circumstances  permit  of  a  coast  being  examined,  a  true  bear- 
ing from  amplitude  may  be  obtained  at  sanrise,  aQd  angles  measured 
between  conspicuous  objects  ;  noting  the  direction  of  the  ship's  head  ; 
the  course  to  be  steered ;  the  patent,  log,  if  in  use ;  and  the  time. 
Another  set  of  angles,  between  the  points  used  at  sunrise  and  a  true 
bearing  from  azimuth,  may  be  taken  when  th^  forenoon  obserra- 
tions  are  obtained,  other  objects  ahead  being  selected  to  continue 
the  work  by  ;  a  third  set  may  be  taken  at  noon,  and  the  obBervations 
continued  on  similar  principles  in  the  afternoon  and  evening.  In 
thus  obtaining  the  sets  of  angles  and  bearings  for  a  running  survey, 
it  must  be  remembered  that  the  ship  must  either  be  stopped  or  hove 
to,  or  the  observations  must  be  taken  simultaneously.  Bearings  of 
all  objects  in  transit  should  be  taken,  and  the  direction  of  the  ^ip's 
head  and  her  courses  carefully  noted.  If  no  current  has  been  ex- 
perienced, the  courses  steered  and  distances  run  will  form  bases 
from  which  an  attempt  at  projection  may  be  made ;  or  from  the 
true  positions,  determined  by  observations,  the  bearing^  may  be  laid 
ofiE. 

To  Reduce  Soundings  for  the  State  of  the  Tide. 

In  the  open  sea  the  tides  require  about  six  hours  and  a  quarter  to 
rise  from  low  water  to  high  water,  and  the  same  interval  to  fall  from 
high  to  low  water.  If  the  rise  or  fall  was  equal  throughout,  a  simple 
proportional  part  of  the  rise  due  to  the  time  of  tide  would  at  once 
give  the  reduction  of  the  sounding  to  the  low  water  of  that,  day, 
or  that  due  to  the  range  of  that  tide. 

But  the  water  does  not  rise  in  equal  proportions.  There  is  very, 
little  rise  in  the  first  or  last  hours  ;  in  the  second  hour  the  increase 
is  considerable ;  in  the  third  and  fourth  hours  it  is  still  greater ;  and 
then  it  begins  to  take  off  in  the  same  ratio  as  it  increased. 

The  correct  amount  for  every  hour,  and  for  various  ranges,  is  given 

in  the  following  table ;  but,  to  give  a  ready  idea  of  the  law,  a  figure 

is  annexed  which  represents  with  sufficient  exactness  all  that  is 

necessary  for  practical  paiposes.     The  cVicuraieicwifc  ot  the  circle  is 
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divided  into  six  eqnal  parts  on  each  side,  corresponding  with  the 
liooTs  of  the  tide ;  and  tiie  diameter  divided  into  proportional  parts, 
corresponding  to  a  g^ven  range  of  the  tide,  which  has  been  taken  as 
siscteen  feet  in  the  figure. 

By  connecting  the  segments  of  the  circle  by  straight  h'nes  drawn 
across  the  figure,  it  will  be  seen  that  they  intersect  the  diameter  at 
^^extain  divisions  of  the  range.  These  are  the  correct  quantities 
^'^epectively  due  to  each  hour^s  rise  qr  fall  of  such  a  tide  from  low 
high  water,  and  vice  versA, 
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An  examination  of  these  quantities  will  show  that  in  the  ^r«^ 
Jiour  the  tide  rises  about  one-sixteenth  of  the  whole  range  or  rise. 

In  the  second  hxmr^  abont  three- sixteenths. 

In  the  tldrd  Jioiir^  about  four-sixteenths. 

\b.  the  fonrtli  hour ^  about  four-sixteenth  f. 

In  the  fifth  hxmr,  about  three-sixteenths. 

In  the  last  hour,  about  one-sixteenth. 
So  that  at  about  two  hours  ^rom  low  or  high  water  the  tide  has 
risen  or  fallen  one-foMrth  jinrt  of  its  whole  range  ;  at  three  hours,  or 
about  haXfi\dLe^  it  has  risen  just  half  its  range  ;  and  at  four  hours  it 
has  risen  three-fourths  of  the  whole  range. 

As  theRe  proportions  will  always  hold  good,  be  the  rise  great  or 
small,  it  will  be  well  for  the  seaman  to  bear  them  in  his  mind,  or  to 
draw  the  figure  upon  a  card  and  keep  it  in  his  pocket.  But  he  must 
also  bear  in  mind  that  those  quantities  respectively  taken  from  a 
sounding  will  only  reduce  it  1  o  the  low  water  of  the  tide  of  that 
day^  which  may  chance  to  be  a  neap  tide,  whilst  the  depth  marked 
upon  all  charts  are  given  at  spring  tides^  so  that  a  further  correction 
on  this  account  is  necessary ;  and  this  is  made  by  adding  to  the 
quantity  just  found  half  the  difference  between  the  range  of  the  day 
of  observation  and  half  the  spring  range  marked  upon  tiie  chart. 

The  depths  marked  on  charts  being  gfiven  at  low  water  spring 
tides^  casts  of  the  lead  taken  at  a  iy  other  time  of  tide,  or  upon  any 
other  day  thB.nfnU  and  change,  require  a  correction  before  they  can 
be  compared  with  those  depths ;  and  if  this  correction  is  neglected 
in  seas  where  the  tides  are  large,  the  soundings,  instead  of  being  a 
guide,  can  tend  only  to  mislead. 

The  correction  is  very  simple,  and  no  seaman  need  be  ignorant  of 
it.  To  ?ia/f  the  spring  range  marked  upon  the  chart  apply  the  cor- 
rection from  the  table,  and  the  result  is  the  quantity  to  be  taken 
from  the  sounding  obtained. 

To  use  the  table,  the  rise  of  the  tide  and  time  of  high  water  for 
the  day  must  be  computed  or  obtained  from  tide  tables. 

When  the  time  of  high  water  is  known  subtract  from  it  your  own 
time,  and  call  the  result  time  from  high  water. 

Divide  the  height  of  the  tide  by  2,  and  call  the  remainder  half- 
range.     With  these  quantities  enter  the  table  and  take  out  the  cor- 
responding quantity,  which  add  or  subtract,  as  directed,  to  the  half- 
apr^'/iff  rariffe  marked  upon  the  chart.    Tli^  Tftsalt  ia  the  correction 
^o  be  made  to  the  sounding. 
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l*Ck  Find  Uta  OcnrMtioii  to  be  Applied  to  Bonndings  Tmkma  at 
any  Hour  bBtween  Higli  and  IiOW  Wator. 
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Sminpfe  L  — A  Tenel  off  LiTerpool  HtrikeB  HoandingB  in  8  fathoms 
at  8.35  F.M-,  on  September  13,  1876. 
What  will  be  her  coneoted  aouoding  to  compare  with  the  chart  T 
H,  a. 

By  Admiral^  Tide  Tablea,  Time  H.  W.  at  Liverpool 10  3B  P.m. 

Time  of  sonndiag ft  aaB,«., 
^J■me  ftom  H.  W *^ 
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Height  at  Liverpool,  25  feet  5  inches. 

Oue-half  of  same  is  12  feet  8^^  iiiche8=:half-range  of  the  day. 

From  table  (additive) 6  feet  6  inches. 

Half-spring  range  from  chart. .  15     ^^0 


(i 


21  feet  6  inches,  or  3^  fathoms. 

Fathoms. 

Depth  by  lead 8 

Correction 3^ 

Showing  the  depth  for  comparison  to  be -  4^ 

So  that  the  depth,  to  compare  with  the  chart,  is  only  4^  fathom^ 
instead  of  8  fathoms. 

Eocample  II. — A  vessel  having  to  cross  Victoria  Bar,  Liverpool,  a-^ 
8.35  P.M.,  on  September  13,  187G,  requires  tj  know  what  water  sh-^ 
will  have  over  the  bar. 

H.  M. 
By  Admiralty  Tide  Tables,  September  13th — Time 

from  H.  W 2  0 

Ft.  In. 

Half-range  on  that  day 12  8 

By  table,  with  these  quantities,  the  correction  is  . .     6  6  additive. 
Half -spring  range 15  0 


Correction 21  6 

By  chart,  depth  on  Victoria  Bar  at  L.  W.  Springs. .   11  0 


Depth  on  bar  at  2  h.  from  H.  W.,  Sept.  13th. . .  C2  6  or  5i  fms. 

Meridians  Adopted  in  the  Oonstruction  of  Charts. 

The  United  States,  Great  Britain,  Germany,  Russia,  Sweden,  Den- 
mark, Norway,  Holland,  and  Austria  adopt  the  meridian  of  Green- 
wich. 

France  adopts  the  meridian  of  Paris,  in  longitude  2°  20'  9.4"  K 
of  Green  wicb. 
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Spaia  adopts  the  meridian  of  San  Fernando,  Cadiz,  in  longitude 
6^  12^  16"  W.  of  Greenwich. 

The  Polkowa  Observatory,  someUmes  referred  to  in  Russian 
Charts,  is  in  longitude  30"  19'  40"  E.  of  Greenwich. 

The  Royal  Observatory  of  Naples,  sometimes  referred  to  in  Ital- 
ian CharU,  is  in  longitude  14**  14'  81.3"  E.  of  Greenwich. 


coral,    crl. 
dark,    d. 
fine,      /. 

ground,    ord. 
hard,        h. 
mnd,        m. 

red,      rrf. 
rock,     r, 
rotten,  rot. 

speckled,  9pl\ 
stiff,          it/. 
stones,      at. 

gray,     ffV* 
gravel,  g. 
green,  ffn. 

ooze,         oz. 
oyHtem,     oj/ti. 
pebbles,  peb. 

nand,    «. 
shells,  fih. 
soft,      ^fC. 

weed,         tod, 
white,       to.  or  wh, 
yellow,      y. 

Signs  and  Abbreviations  used  on  Ohartg. 
Quality  of  Bottom. 

^lack,  blk. 

^lue,  b. 

broken,  brk.  or  bkn, 

thrown,  br. 

<5lay.  cl. 

^ioanje,  c. — co. 

Buoys  are  marked :  B.  (Mack) ;  Cheq.  (cJiequered) ;  H.  S.  (hori- 
Cont'd  stripes)  ;  R.  {red) ;  W.  {white)  ;  B.  W.  {bla-ck  and  white) ;  B.  R. 
i^blac'c  and  r<d)\  R.  W.  {red  and  white)  \  V.  S.  {vertical  stripes).  A 
^ree:i  buoy  indicates  the  position  of  a  wreck. 

Ltouts  are  indicated  by  9,'dot^  colored  yellow  with  a  red  spot  in  the 
^niddle  ;  if  there  is  any  uncertainty  about  its  character  it  is  simply 
^narked  Lt.  ;  Lt.  V.=light  fixed  ;  Lt.  Y\.=Ught  flashing  ;  Lt.  Int.=: 
tight  intermittent ;  Lt.  'BjQy,=Ught  revdmng ;  Lt.  F.  and  Y\.=Ught 
Jixed  and  fimhing ;  Fig.  Itt.  =: floating  Ught ;  Lt.  \es.=light  vessel; 
the  color  of  the  light  is  expressed  in  full:  ns  red;  blue;  green; 
'wJUte  ;  red  and  white ;  w/iite,  red,  and  green  ;  when  no  color  is  ex- 
pressed it  is  taken  to  be  tohite. 

Currents  are  indicated  by  a  feathe^'ed  arrow,  and  the  direction 
of  the  arrow  shows  the  direction  of  current. 

Flood  tide  stream  is  shown  by  an  arrow  feathered  on  cne  side  ; 
Ebb  tide  stream  by  unfeathered  arrow. 

Rocks  just  under  water  are  indicated  by  a  small  dotted  circle 
with  cross  in  centre ;  rocks  awash  or  just  above  water  are  indicated 
by  a  dotted  circle  with  a  dot  or  dots  in  centre  ;  a  dotted  circle  with 
a  numeral  in  it  ^gmSies  a  shoal  with  the  feet  ox  taX^voTsv^  Oil  ^;)X*^t. 
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over  it.     Hock,  island,  or  shoal  with  £.  D.,  sigfnifies  existence  doubt- 
fui;  P.  D.,  position  doubtful  though  known  to  exist. 

Compass. — If  the  N.  and  S.  line  of  the  compass  is  not  on  or  parot- 
id with  a  meridian  it  is  magnetic,  according  to  the  variation  in  the 
locality ;  if  it  coincides  with  the  meridian  it  is  true, 

Fms.  =fathoms ;  Ft.  =foot  or  feet ;  H.  W.  =high  water  ;  H.  W.  F. 
and  C.  =high  water  at  full  and  change  of  moon  ;  L.  W.  —low  water ; 
Np.  =neaps  ;  Ef .  =reef ;  Kk.  =rock ;  Sh.  =shoal ;  Sp.  =  springs  ; 
Vis.  =  visible;  -h  Obs.  Spot=place  where  observation  was  made. 
Anchorage  is  indicated  bj  an  anchor,  and  the  depth  is  generally 
close  by. 

Soundings  are  reduced  to  mean  low  water  of  ordinary  spring 
tides,  and  are  expressed  in  fathoms  and  fractions  of  a  fathom,  or  in 
feet  and  fractions  of  a  foot. 

The  velocity  of  tide  is  expressed  in  knots  and  fractions  of  a  knot. 

A  number  with  a  line  and  dot  above  sig^nifies  no  bottom  at  the 
depth  given,  thus  Y3;j=no  bottom  at  123  fathoms. 

All  heights  are  in  feet  above  high  water  ordinary  springs,  and 
where  there  is  no  tide,  above  the  mean  level  of  the  sea. 

The  rise  of  tide  is  measured  from  the  mean  low  water  level  of 
ordinary  springs  ;  the  range  of  tide  from  the  low  water  of  one  tide 
to  the  high  water  of  the  following  tide. 

All  distances  are  in  nautical  miles ;  a  cablets  length  is  the  tenth 
part  of  the  nautical  mile. 

A  fathom=6  feet ;  a  nautical  mile=l.  1528  statute  mile  ;  a  statute 
mile=.8G74  nautical  mile  ;  13  nautical  miles=15  statute  miles,  very 
nearly, 

Soundliigs  on  Foreign  Charts, 

Danish  and  Norwegian Favn     —  0.175  Eng.  feet=1.029  Eng.  fathom. 

Dutch Vadem . . 

Dutch  (recent) EHe 

French M6tre 8.281 

French  (old) Bmsse  . . . 

Portnguese Bra<;a 

Pmsaian  Faden  . . . 

RuBsian,  the  Eng.  fathom  and  foot. 

cpantsh .......a...    ...         ..  Jiletro  ... 

Bpnnhh  (oM) Bniza. . . . 

Swodiah Famn 


0.175  Eng.  feet= 

=1.029  Eng. 

5.575 

(i 

0.929 

3.281 

(1 

0  547 

8.281 

.4 

0.647 

5.829 

t< 

0.888 

6.004 

C* 

l.(XH) 

5.906 

i4 

0.984 

8.281 

ti 

0J547 

5.492 

tc 

0.915 

5.843 

tt 

0.974 
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Quality  of  Bottom. 

As  expressed  on  Charts  of  Different  Nations, 


English. 


Clay cl. 

Coral crl. 

Gravel g. 

Jifttd m. 

Hock rk. 

Sand 8. 

Shells 8h 

Stones »t. 

Jeed wd. 

Coarse c. 

Stiff «^. 

Soft sft. 

J»ck ft/A. 

fied rd. 

Yellow y. 

13 


French. 


Axgile A. 

Corail Cor. 

Gravier Or. 

Vase F. 

Roche if. 

Sable S. 

Coqoille Coq. 

Pierre /*. 

Herbe H. 

Fin .Jin. 

Gros g. 

Dure d. 

Molle m. 

Noire n. 

Bouge r. 

Jaune .J. 


Italian. 


Argila. 

Cordllo. 

Bena  or  Ghiaja. 

Fango. 

Roocia. 

S&bia  or  Ar^na. 

Conchigb'a. 

Pietre. 

Alg^. 

Fino. 

Grosso. 

Tenace, 

Molle. 

Nero. 

Bosftc. 

Giallo. 


Spanish. 


Arcillo  or  Barro 

Coral    cl. 

Cascujo Co. 

Fangoor  Lono  F. 
PiedraorBoca  P. 

Arena A. 

Gonchucla  ..  .ca. 

Piedra P. 

Alga A. 

Fina J. 

Escalroso. 

Tenaz. 

Muelle. 

Negro. 

Bojo. 
Amarillo. 


German. 


Lebm L. 

Korallcn K. 

Grobfland  .g.M. 
S>ch\cmxa..iich. 

Pels F. 

Sand 8. 

Muschel M. 

Stein. 

Gras O. 

Fein /. 

ttrob g. 

/iahe Z. 

Welch W. 

^chwarz  .nchw. 

Both. 

Gelb. 
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iVSTRUOnON  AND  USB  OF  MBROATOR'S   CHART. 

DETBRMININa  POSITIONS. 

MXSASXTRINQ  DISTANCES  AND  HEIQHTS. 

0ALOX7I.ATI]  TIME  OP  TWIUaHT,  SUN8BT,  AND 

SUNRISB,  BTO. 

FINDINQ  THE  STARS. 

SHAPING  THE  COX7RSE. 

QREAT    CIROIiE    SAILINQ. 

LATITUDE  H7  MERIDIAN  ALTITUDE, 
POLARIS,  ETC. 

'QrrUDE  FROM  SINQLE  AND  EQUAL  ALTITUDES ; 
liONQITUDE  AT  NOON  AND  AT  SUNSET  OR  SUN- 
BISE ;  LATITUDE  AND  LONGITUDE  AT  NOON. 

REMARKS  ON  SUMNER'S  METHOD. 

OBSERVATIONS  AT  SEA  AND  ON  SHORE. 

OHRONOMETERa 
TIME. 
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A  BSEROATOR'S  CHART. 

On  a  Meroator's  chart,  the  equator  and  parallels  of  latitude  are 

presented  by  parallel  straight  lines,  and  the  meridians  also  by 

allel  straight  lines,  at  right  angles  with  the  equator.     Two  paral- 

Is,  generally  those  which  bound  the  chart,  are  divided  into  equal 

Arts,  commencing  at  some  meridian  and  using  some  convenient  scale 

^  represent  degrees,  and  subdivided  to  10',  1',  or  some  other  part  of 

degree,  according  to  the  scale  used. 

Two  meridians,  generally  the  extremes,  are  also  divided  into  de- 
and  subdivided  like  the  parallels  of  latitude,  but  by  a  scale  in- 
^^^'easing  steadily  with  the  latitude;  so  that  any  degree  on  such 
eridian,  instead  of  being  equal  to  a  degree  of  the  equator,  is  an 
'^'^J{imented  degree,  or  augmented  difference  of  1°  of  latitude  derived 
om  a  table  of  meridianal  parts. 

The  meridian  is  graduated  by  laying  off  from  the  equator  the  aug- 
Ljented  latitudes  ;  or  from  some  parallel  of  latitude  the  augmented 
Terence  of  latitude  for  each  degree,  and  part  of  a  degree,  using  the 
^me  scale  of  equal  parts  as  for  the  equator. 
Thas  on  such  a  chart,  the  length  of  one  degree 


In  latitude 

0**  is  60' 

of  the  equator. 

10"  "  61' 

20"  ''  64' 

30"  "  69' 

40"  '*  78' 

50"  "  93' 

etc. 

And  the  augmented  difference  of  latitude 

From  0°  to  10"  is  603'=  10'  03'  of  the  equator. 
''    10"  '*  23"  "  623'=  10°  22'      '' 

As  on  other  charts,  parallels  of  latitude  and  meridians  are  deline- 
ated at  convenient  intervals ;  shore  lines  of  continents  and  islands, 
Wbors  and  rivers,  places,  etc. ,  are  plotted  ;  and  such  configurations 
of  the  land  represented  as  may  be  required. 

The  meridians  on  this  chart  being  parallel,  arcs  of  parallels  of  lati- 
tude are  represented  as  equal  to  the  corresponding  axe^  ot  Mtv^  ^o^c^a^- 
tw ;  tb»*  la,  eaob  ia  expanded  in  the  proportion  ol  t\i<i  efeG»Si\»  ^1  '^a 
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latitude  to  1  ;  acd  it  may  be  shown  that  vexy  small  portions  o^ 
the  meridians  are  expanded  in  the  same  proportion. 

Mercator's  projection  has  been  compared  to  a  cylinder  unrolled — 
the  cylinder  being  such  an  one  as  we  might  sappose  to  circnmscribe* 
the  globe  at  the  equator. 

A  Mercator's  chart  pre^nts  two  decided  advantages  over  all  others 
for  nautical  purposes,  namely : 

The  ship's  track  is  represented  by  a  straight  line. 

The  angle  which  this  track  makes  with  any  meridian  is  the  coarse. 

To  Find  the  Oourse  from  one  point  to  another  on  the  chart* 
draw  a  line  or  lay  the  edge  of  a  ruler  through  the  two  points,  and. 
measure  its  angle  with  any  meridian.  In  practice,  the  line  is  gener- 
ally referred,  by  means  of  parallel  rulers,  to  the  centre  of  one  of  thd 
compass  diagrams  delineated  on  the  chart,  when  the  course  may  bo 
at  once  read  off. 

To  Find  the  Distance. — Take  off  the  distance  between  the  two 
places  by  a  pair  of  dividers,  and  refer  it  to  the  augmented  scale  on. 
the  ^aduated  meridians,  using  the  same  middle  latitude  on  the  scale 
as  of  the  line  between  the  places. 

To  Find  the  Latitude  of  a  Place  on  the  Chart. — ^With  the  di- 
viders take  the  distance  of  the  place  from  the  nearest  parallel ;  refer 
this  distance  to  one  of  the  graduated  meridians,  placing  one  i>oint  of 
the  dividers  on  the  same  parallel,  and  the  other  point  upward  or 
downward  as  required ;  read  off  the  latitude  at  the  position  of  the 
latter  point. 

To  Find  the  Longitude  of  a  Place  on  the  Chart. — With  the 
dividers  take  the  distance  of  the  place  from  the  nearest  meridian ; 
refer  this  distance  to  one  of  the  graduated  parallels,  placing  one 
point  of  the  dividers  on  the  same  meridian,  and  the  other  point  to 
the  right  or  left  of  it  as  required  ;  read  off  the  longitude  at  the  posi- 
tion of  the  latter  point. 

To  Mark  the  Ship's  Place  on  the  Chart. — ^With  the  dividers 

take  from  the  graduated  meridian  the  given  latitude ;  mark  this  on 

the  meridian  nearest  to  the  given  longitude ;  lay  the  edge  of  a  pair 

of  parallel  rulers  on  a  near  parallel,  and  work  one  side  of  them  to 

the  exact  latitiido  /ouhavo  marked  on  t\i^  xcLetidlan.'^  then,  with  the 
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dividers,  take  the  g^yen  longitude  from  the  graduated  parallel ;  lay 
'fcliis  down  along  the  edge  of  the  parallel  rulers  which  already  mark 
tit^e  latitude,  and  you  have  the  ship^s  place. 

When  near  the  land,  a  ship's  place  may  be  laid  down  by  means  of 
^^T-liat  are  known  as  eross-bearings^  which  in  the  case  of  an  iron  vessel 
oxr  steamer  must  always  be  corrected  for  the  deviation  peculiar  to 
t:li.e  direction  of  the  ship's  head  at  the  time. 

A  GBNERA.L  Chart  takes  in  a  large  expanse  of  the  ocean  and 
l>>ounding  land,  an  entire  sea,  or  a  considerable  extent  of  coast  line 
'^wlth  its  Gontigiious  waters.  The  parallels  and  meridians  are  deline- 
^tied  on  it,  the  lights  are  marked,  the  soundings,  variation  of  the 

<^ompass,  and  such  other  details  as  the  scale  of  projection  will  admit 

of.     The  compasses  are  often  true,  but  sometimes  correct  magnetic. 

^t  is  a  large  scale  or  small  scalo  chart  according  to  the  extent  of 

^^oast  and  sea  delineated. 

A  Plan  is  a  chart  that  comprises  a  detached  portion  of  a  general 
^^art  on  a  large  scale,  as  a  harbor,  roadstead,  bay,  the  entrance  to 
^  river,  an  island,  a  small  part  of  the  sea  where  the  navigation  is 
intricate,  etc.  On  it  are  given  the  lights  and  buoys,  the  sounding^ 
Hud  bottom,  the  leading  marks,  the  courses  through  channels,  the 
dangers  ta  be  avoided,  the  variation  of  the  compass,  the  tidal  estab- 
lishment' of  the  port,  the  rise  of  tide  at  springs  and  neaps,  and 
everything  that  tends  to  facilitate  the  navigation  of  the  locality ; 
tbe  compass  is  correct  magnetic,  and  the  scale  to  which  the  chart  is 
drawn  is  recorded.     Sometimes  the  scale  of  miles  is  given. 

Charts  are  generally  drawn  so  that  the  top  is  the  North,  the  bottom 
the  South,  the  side  to  the  right  the  East,  and  the  side  to  the  left 
the  West.  If,  for  a  special  purpose,  the  chart  is  drawn  on  the  diago- 
nal scdle^  a  reference  to  one  of  the  compasses — the  North  point  of 
which  is  always  denoted  by  a  device,  as  a  fleur-de-lis,  arrow,  or  star 
—will  at  once  show  the  North  and  South,  and  consequently  the 
East  and  West. 

DETERMINING  POSITIONS,  ETC. 

Oross-Bearings. 

TH£  most  useful  method  of  determining  upon  the  chatt  ^n^^&^V^ 
exact  positioii,  is  hjr  meana  of  two  compass-bearinga  ol  aii^  V«^ 
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well-defined  objects  in  view,  which  may  also  be  delineated  upon  the 
chart,  such  as  light-houses,  light-ships,  points  or  headlands,  etc. 

The  bearings  of  the  two  selected  objects  being  observed,  draw 
lines  through  them  on  the  chart  in  the  directions  of  the  bearings ; 
the  point  of  intersection  of  these  lines  is  the  place  of  the  ship. 

If  precision  is  required,  the  deviation  proper  to  the  sMp^s  head  at 
the  time  must  be  employed.  When  the  difiference  of  bearings  is 
nearly  a  right  angle,  this  is  the  most  complete  of  all  methods  ;  bat  if 
the  difference  Is  less  than  20",  or  near  ISO'',  a  small  error  in  the 
bearing  will  cause  a  great  error  in  the  distance,  and,  therefore,  the 
fihip^s  position  will  be  uncertain. 


Fig.  1. 


Various  Other  Methods. 

When  in  sight  of  land,  a  common  method  of  fixing  a  ship  or  boat 
is  by  observing  two  objectathat  are  in  transit — i.e.^  situated  in  the 

same  line  as  the  ship  or  boat — and 
taking  an  angle  between  them  and 
some  well-known  object  to  the  right 
or  left,  taking  care  that  the  angle 
measured  is  not  less  than  ^O''.  A  line 
is  then  ruled  through  the  objects  in 
transit,  and  from  some  point  in  it  the 
observed  angle  is  laid  off  in  the  direc- 
tion of  the  third  object ;  a  line  ruled 
through  that  object  parallel  to  the  line 
forming  the  angle  will  intersect  the 
line  ruled  through  the  objects  in  tran- 
sit at  the  position  %t  the  ship.  EX' 
ample. — Two  points,  D  and  L,  whose 
positions  are  known,  are  observed  to 
be  in  transit  from  a  ship  at  P,  and  an 
angle,  S  P  S,  of  51''  is  measured  be- 
tween them  and  a  third  point,  S; 
through  I)  and  L  a  line,  D  L  P,  is  drawn,  and  at  a  point,  P,  in  that 
line  an  angle,  D  P  S,  equal  to  51''  is  laid  off  towards  S,  and  a  line, 
P  S,  drawn ;  then  through  S  a  line,  S  P,  is  drawn  parallel  to  S  P, 
cutting  D  L  P  in  P,  the  required  position. 
A  bearing  may  adao  be  taken  oi  eit\iftt  S  or  D ;  this  beaxing  is 
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then  ruled  tix>oii  the  chart,  and  the  position  bf  the  observer  fixed  hy 
projecting  in  a  similar  manner  the  angle  measured  between  the 
objects. 

The  position  of  the  ship  may  also  be  fixed  by  projecting  angles 
measured  from  her  between  three  objects  on  shore,  whose  bearings 
and  distances  from  each  other  are  known. 

In  the  selection  of  three  objects  by  which  to  fix  a  position,  the 
middle  object  should^  if  possible,  be  the  nearest  to  the  observer,  or 
the  three  objects  should  be  in  or  near  the  same  straight  line,  or  the 
observer's  position  should  be  within  the  triangle  formed  by  the  ob- 
jects. If  the  objects  and  the  position  of  the  observer  lie  in  or  near 
the  circumference  of  the  same  circle,  the  position  cannot  be  fixed 
without  the  assistance  of  a  bearing  of  one  of  the  objects. 

Projeoting  by   Oircles.      Case  I. — Let  A,  B,  and  C  be  three 
objects  on  a  chart  (see  Fig.  2) ;  it  is  required  to  fix  the  position  of  a 
ship,  P,  by  angles ;  the 
one  measured  between  C  pj    g 

and    B    being  45%   and  '*'^^ ^c 

that  between   B  and  A 
being  60°. 

Join  A  B,  B  C,  and  bi- 
sect them  in  the  points 
F  and  G,  erecting  the 
perpendiculars  F  D,  G  E, 
on  the  same  side  of  the 
objects  as  that  on  which 
the  ship  lies.  Then  at 
A  make  the  angle  FAD 
=30°,  the  complement 
of    the   angle   measured 

between  B  and  A,  and  at  C  make  the  angle  G  0  E=4o°,  the  comple- 
ment of  the  angle  measured  between  C  and  B,  and  draw  lines,  A  D, 
CE,  cutting  the  perpendiculars  F  D,  GE,  in  D  and  E.  From  I)  and 
B,  as  centres,  describe  the  circles  A  B  P  and  C  B  P,  and  the  inter- 
section of  their  circumferences  at  P  will  be  the  position  of  the 
ship. 

Case  II. — Should  the  angle  be  greater  than  90°,  erect  the  per- 
pendicular on  the  opposite  side  of  the  line  ^oinvn^  \)\ift  Ci\3\^^\A  \»<Ji 
that  on  which  the  ship  lies,  and  making  tho  angle  ^  K  T>^=^^'*  — 
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the  angle  subtended,  proceed  as  before  (see  Fig.  8),  where  thi 
angle  measured  between  G  and  B  is  70**,  and  that  between  B  and 
is  120°. 

By  the  Straight  Line  Projection.     Ccute  I.—At  B  (see  Fig.  4=^ 
on  the  same  side  of  the  objects  as  that  on  which  the  ship  lies,  mak^ 


Fig.  3. 


Pig.  4. 


Fig.  5. 


the  angle  ABD=75°  or  180''-(60°+45°);  at  A  make  the  angle 
B  A  D=-45^,  or  the  angle  subtended  by  the  sideBO;  join  C  I>,  and 
on  C  D  make  the  angle  B  P  0=45" ;  the  point  P  will  be  the  po- 
sition required. 

Case  II. — When  the  sum  of  Ihe  angles  measured  is  more  than 
180°  (see  Fig.  5)  at  B,  on  the  opposite  side  of  A  B  to  that  on  which 

the  ship  lies,  make  the  angle  A  B  D 
=  10%  or  (120° +70°) -180°;  at  A 
make  the  angle  B  A  D=110°,  or 
180^-70°,  the  angle  subtended  by 
B  0  ;  join  C  D,  and  on  C  D  make 
the  angle  B  P  0=70°;  the  point  P 
will  be  the  position  required. 

A  vessePs  position  may  also  be 
determined  by  laying  off  the  angles 
taken  between  three  known  objects  on  a  piece  of  tracing  paper 
with  a  protractor.  Rule  upon  the  tracing  paper  a  straight  line, 
representing  the  line  from  the  ship  to  the  centre  object,  and  from 
any  point  on  this  line  set  off  the  angles  observed  to  the  right  and 
Jeft!,  and  draw  the  lines  on  the  tracVn^  i^^o^t  \  \»:^  the  tracing  paper 
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the  chart,  and  move  the  tradng  paper  over  the  Borf  aoe  of  the 
tliart  Tintil  the  three  lines  pass  through  the  respeotiye  objects  ;  that 
Lone,  the  point  on  the  tracing  paper  from  which  the  angles  were  laid 

will  be  the  position  of  the  ship. 

By  the  Soundings. — When  the  depth  of  water  is  not  great,  and 

Iso  varies  sensibly  with  the  distance  from  the  land,  this  distance 

ay  be  found  from  the  chart  by  means  of  the  soundings. 

Soundings  are  very  regular  upon  the  American  coast,  and  in  thick 

OK*  foggy  weather,  by  aUowing  for  the  state  of  the  tdde,  the  position  of 

<^  vessel  may  be  determined. 

< 

By  a  Bearing  and  the  Latitude  or  Longitude  of  the  Ship. — 
^W'hen  either  the  latitude  or  longitude  are  known,  the  true  bearing 
^f  an  objecb,,  such  as  a  point  of  land,  about  four  points  from  the 
Parallel  of  latituda  or  meridian  of  longitude,  will  determine  accu- 
rately the  position  of  the  ship.* 


BCEASURING  DISTANCES. 
Raper's  Method  of  Determining  Distances  at  Sea. 

The  distance  of  high  land,  whose  height  is  known,  may  be  found 
by  measuring  its  altitude  with  a  sextant. 

When  angles  obseryed  with  the  sextant  are  not  more  than  5°,  they 
should  be  taken  both  on  and  off  the  arc,  added  tcgether,  and  divided 
hj  2.     The  result  is  an  angle  free  of  index  error. 

*  Book  beirinji^  shoald  invariably  be  obtained  when  navigating  coastwise,  espe- 
dally  at  night.  Theae  beuringa,  plotted  on  the  chart,  will  show  the  coarse  made 
good,  and  serve  to  indioate  any  deviation  due  to  currents  or  other  causes. 

Again,  it  ia  wall  to  aoan  the  chart  before  making  a  night  passage  along  a  coast, 
and  to  select  tbe  line  of  least  aonndings,  which  may  serve  as  a  guide  to  the  vessel's 
distanog  from  shon.  Tliis  line  may  be  taken  as  a  **  curve  of  safety,^'  and  the  vetsael 
kept  ootflide  of  tbat  depth. 

Had  either  of  theM  preoantiona  been  observed  in  the  case  of  the  ill-fated  Huron, 
her  false  positloa  woold  hare  been  evident  long  before  striking.  The  bearings  would 
have  shown  that  she  waa  being  set  on  shore  instead  of  making  good  the  course  laid 
down;  and  had  tiie  **onnre  of  safety  ^^  been  previously  determined  and  adhered  to, 
the  danger  waald  have  been  avoided.  At  that  particular  part  of  the  coas.ttVv«\:9i«!GiL\?j 
fathom  oorve  is  tiu  least  one  that  ooald  serve  as  a  reliable  guide,  a\\  ac>\vti^V\ve&VxkS&^^ 
that  line  beLv  AMa&Hvi'ar  the  determiaatioa  of  the  distance  ot  iheXauOi.. 
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i?t/fe. — To  the  log.  COB.  of  the  dip  of  the  height  of  the  Bumiiii'^i^% 
served,  add  the  log.  cos.  of  the  difference  between  the  altitode  ^ 

the  dip  of  the  spectator.     The  sum  is  the  log.  cos.  of  an  arc, 
which  subtract  the  said  difference,  and  the  remainder  is  the  dist 
in  miles,  or  minutes  of  a  degree. 

Note. — The  altitude  mast  exceed  the  dip  of  the  spectator. 

Example. — The  summit  of  Mount  Etna  is  observed  to  be  1  ^ 

above  the  horizon ;  the  height  of  the  eye  20  feet.     Beqnired 
distance.  ^^^^^i 

Log.  cos.  dip  of  Mount  Etna* O.OOOT^^^ 

Log.  cos.  (r  30'- 4' 17")=!°  26' 9.9998^^^ 

2^20''  Log.  oofl.. 9. 

-1   26 


54  miles  approximate  distance. 

The  summit  and  the  horizon  being  both  raised  by  refractioxv-    f 
proportion  to  their  distances,  the  altitude  must  be  corrected  by  t/I^^^ 
rule  :  Subtract  from  the  altitude  observed  one-twelfth  of  the  distan.^^' 
and  add  to  the  remainder  one-twelfth  of  the  dip. 

One-twelith  of  54',  or  4'  30",  being  taken  from  1°  30'  ;   and  on^ 
twelfth  of  5',  or  25",  being  added,  gives  the  true  altitude  1°  25'  55'; 
and  the  sum  worked  over  again  with  this  altitude  gives  the  distance, 
50  miles. 

*  The  log.  COR.  of  the  dip  of  some  principal  points  of  high  land  are  here  given  for 
convenience,  and  the  log  of  any  intermediate  height  may  be  found  by  simple  pro- 
portion. 

reakof  TcnerifFe  (12,172) 9.999747 

Mount  Etna  (10,885) .• 9.999774 

St.  Antonio,  Cape  Verde  Is.  (7,3US) 9.999846 

Mount  Athos  (6,774) 9.999«69 

Picolluivo,  Madeira  (G,lS8) 9.999878 

Mount  Ida  (5,800) 9.999879 

Black  Mountain,  Cephalonia  (5,o82) 9.999888 

Volcano,  Guadaloupe  (5,108) 9.il99894 

Table  Mountain,  Cape  of  Good  Hope  (3.904) 9.999910 

Mount  Vesuvius  (3,878) 9.999920 

Diana  Peak,  St  Helena  (2,687) 9.999944 

Mount  Bt  Peter,  Ascension  (2,217) 9.969954 

Hock  of  Gibraltar  (1,437) 9.999970 
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MeaBuring  DUtances  by  Sound. 

Sound  trayels  at  the  rate  of  1,090  feet  in  a  second  of  time  when 
tiixe  air  is  at  freezing  point,  or  32"  Fahrenheit.  This  rate  is  aooeler- 
fttel  by  1. 19  feet  for  each  degree  of  Fahrenheit  above  that  tempera- 
ture, giving  1,123  feefc  (or  374  yards)  velocity  per  second  for  a  mean 
temperature  of  60',  which  may  be  ussd  for  all  ordinary  purposes. 

Bkcample.  — Thermometer  showing  80°  Fahr. 

Observed  flash  of  gun  at > 8  h.     25  m.     33  sec. 

Heard  report 8         25  40 

80"  7  sec. 

32" 

48°  difference. 

At  32"*  sound  travels     1,090  feet. 

1.19  acceleration  x  48 57     ** 

At  80°  sound  travels 1,147  feet. 

1,147  X  7=8,029  feet,  or  2,676  yards. 

As  sound  is  accelerated  or  retarded  by  wind,  the  distance  should 
be  measured  on  a  calm  day,  or  when  there  is  not  much  wind,  in  case 
gana  are  fired  from  one  end  only  of  the  distance.  The  gun  fired 
should  have  extreme  elevation  given  to  it ;  and,  if  possible,  guns 
should  be  fired  from  each  end  of  the  required  distance. 

The  best  method  of  measuring  distances  by  sound  is,  first,  to  as- 
certain the  number  of  times  that  the  watch  to  be  used  beats  in  a 
minute  of  time.  Most  pocket  chronometers  beat  5  times  in  2  seconds, 
or  150  beats  to  a  minute ;    ordinary  watches  vary. 

The  number  of  beats  of  the  watch  ascertained,  it  is  easy  to  find 
the  number  of  yards  that  sound  travels  in  that  beat,  making  due  al- 
lowance for  the  temperature.  At  OO""  Fahr.,  for  instance,  sound 
travels  150  yards  in  one  beat  of  a  watch  beating  150  times  in  one 
minute,  l^t  number  multiplied  by  the  number  of  beats  observed, 
will  give  the  distance  required. 
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A  simple  method  of  counting  the  beats  is  by  binding  the  watoli 
cloee  to  the  ear  bj  means  of  a  pocket-handketohief ;  this  leaves 
hands  and  eye  free  to  nse  glass  and  note-book.     The  obseryer  begins 
to  count  on  seeing  the  fi(uh,  fiuishing  with  the  repoH  of  the  gun. 
Velocity  of  sound  in  water  is  about  four  timea,  and  through  solids 
averages  ten  times,  that  in  air. 

Useful  Methods  of  Determining  XMstanoe  from  a  Iiight-honse, 
or  other  Gbject,  ^7hen  Running  along  the  iLand. — Tal^e  a  bear- 
ing of  the  object  and  note  the  time ;  see  how  many  points  it  differs 
from  the  course  ;  when  this  difference  is  doubled,  the  ship  will  be  as 
far  from  the  object  as  she  has  run  in  the  interval. 

Make  due  aUawatuiefor  current. 

Eteample. —  Steering 
westygoiug  10  knots,  at 
0.45  a.m.;  a  light- house 
A, bore  W.N.  W.  Differ- 
ence between  bearing 
and  course =2  points. 
Stood  on  until  it  bore 
N.W.  (double  the  dif- 
B         f erence),  timelO.  15a  m. 

Distance  run =5  miles= distance  of  light-house. 

The  Bow  and  Beam  bearing,  so  much  used  in  coastwise  naviga- 
tion, is  merely  a  special  case  of  this  method. 

When  a  light,  or  other  fixed  object,  is  neari^^  abeam,  its  distance 
may  be  found  as  follows : 

Note  the  time  that  elapses  while  the  light  alters  its  bearing  two 
and  a  half  points.  Twice  the  distance  run  in  this  time  is  the  dis- 
tance of  the  light. 

Example. — A  light  when  nearly  abeam  bore  W.  by  N.,  and  in 
twenty  minutes  time  it  bore  W.  by  S.  i  S. ,  ship  steaming  eleven 
knots,  tide  one  knot  with  us  ;  required  the  distance  of  the  light. 

Answer. — The  bearing  altered  two  and  a  half  points  while  the 
ship  ran  four  knots  over  the  ground,  therefore  the  distance  is  eight 
miles. 

N.B. — The  value  of  these  thumb  rules  is  all  the  greater  for  not 
requinng  the  aid  ot  a  chart. 
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Table  of  Distances  at  'which  Oli^ects  can  be  Seen  at  Sea 
According  to  their  Respective  Blevations  and  the  Bleva- 
tion  of  the  Bye  of  the  Observer. 


5« 


5 
10 
16 
9U 
25 
SO 
36 
40 
46 
50 
65 
60 
65 


®  s 

c  « 


SI 


2.958 
4.184 
6.123 
6.916 
6.614 
7.245 
7.826 
a366 
8.874 
9.354 
9.811 
10.246 
10.666 


2.565 
a628 
4.443 
6.130 
6.736 
6.283 
6.787 
7.255 
7.696 
8.112 
8.509 
8.886 
9.249 


•S.8 


70 
76 
80 
86 

9) 
95 

lOU 
110 
120 
130 
140 
160 
200 


a  tlo 

a^S 

t^        9. 

a 

Pi 
III 

Distances, 
geographic 
nar.tical  mi] 

Heights,  i 
feet. 

11.067 

9.598 

350 

11.466 

9.935 

too 

ll.a32 

10.26 

860 

12.106 

10.57 

400 

12.649 

10.88 

450 

12.893 

11.18 

600 

13.228 

11.4T 

660 

13.874 

12.03 

6'X) 

14.490 

12.56 

650 

15.083 

13.08 

700 

16.662 

13.57 

800 

16.201 

14.06 

900 

18.708 

16,22 

1,000 

S  bra 

I®  s 

Cm''* 

te  n  CO 

ft  *i   tn 


20.916 
22.912 
24.748 
26.457 
28.063 
29.580 
81.0^ 
32  403 
a3.726 
35.000 
37.416 
89.836 
41.833 


III 

•^  boa 


iai4 

19.87 
21.46 
23.A4 
24.8^ 
26.65 
26.«0 
28.10 
29.86 
80.28 
32.46 
34.54 
86J» 


Example.— A.  tower  150  feet  high  will  be  visible,  to  an  observer  whoee  eye  is  ele- 
vated 15  feet  above  the  water,  18^  nautical  miles ;  thus,  from  the  table : 

15  feet  elevation  ;  distance  visible 4.443  nautical  miles. 

150    **  '•  "  "       ....  14.05 


18.493 


T7i€  distance  at  whicli  an  object  is  t-isible  above  tJie  Tunizan  at  sea  ia 
proportional  to  the  square  root  of  its  height.  The  effect  of  refrac- 
tion is  to  increase  the  distance  of  visibility  by  about  one-eleventh  of 
that  which  results  from  the  earth^s  curvature  alone.  This  table  is 
calculated  with  regard  to  refraction,  and  shows  the  distatiee  at  v>?iioh 
an  object  of  a  given  Jieight  is  visible  above  the  sea  horizon. 
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The  Danger  Angle. 


The  application  of  this  is  based  on  the  well-known  principle,  that 
an(3ri6S  in  the  same  segment  of  a  circle  are  equal  to  one  another. 

ffjpampie. — Suppose  C  a  well-known 
danger  oncLer  water,  A  and  B  two  well- 
defined  points.  It  is  required  to  pass 
clear  of  C  at  a  distance  of  five  cables 
lengths. 

Describe  a  circle  round  C.  with  a 
radios  of  five  cables,  and  on  the  cir- 
cumference, to  seaward  of  the  danger, 
take  a  point  D.  Join  A  B,  AD,  and 
B  D,  and  describe  a  circle  about  the 
txiangle  A  D  B.  The  angle  A  D  B,  in 
this  case  50"*,  is  the  danger  angle,  which 
being  set  upon  a  sextant,  will,  so  long 
as  Iropt  on,  place  the  ship  on  the  seg- 
ment of  the  circle  A  D  B,  and  clear  of 

the  danger  C.     Should  the  angle  increase,  the  vessel  will  be  inside 
of  the  circle,  and  vice  versa. 


Departure. 


Determining  the  place  of  a  ship  with  reference  to  a  point  of  land, 
or  other  position  of  known  latitude  and  longitude,  is  called  taking  a 
departure. 

The  position  of  the  ship  with  respect  to  a  point  of  land  or  other 
fixed  and  conspicuous  object  is  defined  by  the  direction  in  which  she 
lies,  and  her  dUstanee  from  it. 

The  direction  of  the  ship  from  the  land,  being  the  opposite  of  the 
bearing  of  the  land  from  the  ship,  is  furnished  at  once  by  the  com- 
pass, but  the  distance  from  the  point,  when  it  cannot  be  estimated 
with  suffident  precision,  must  be  deduced  by  meauB  ol  ^otgl^  q'Dl^  ^t 
the  foregoiiitg  metiioda  for  determiumg  distajice. 
14 
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Table  of  Masthead  Angles. 


Dis- 
tance 

Height  of  Masthead. 

in 
yards. 

80  feet. 

90  feet. 

100  feet. 

110  feet. 

o       /      // 

120  feet. 

1     180  feet. 

o       /      // 

o       /       // 

o       /      // 

o       /      // 

o       /      // 

100 
150 

14  55  53 
10    4  51 

16  41  57 
11  18  36 

18  26    6 
12  31  44 

20    8  11 
13  44  11 

21  48    6 
14  66  54 

23  25  48 
16    6  49 

2C0 
250 

7  35  40 
6    5  19 

6  31  51 
6  50  34 

9  27  44 
7  36  40 

10  23  20 
820  88 

11  18  86 
9    6  25 

i     12  13  80 
'       960    1 

200 
350 

5    4  46 
4  21  25 

5  42  38 
4  53  57 

6  20  25 
5  26  25 

6  58    6 
568  50 

7  86  41 
OSl  12 

i       8  13    9 
!       7    8  88 

400 
450 

3  48  51 
3  23  28 

4  17  21 
8  48  51 

4  45  49 
4  14  11 

6  14  15 
4  39  80 

5  43  89 

6  4  47 

6  10  68 
580    1 

500 
550 

3    3  11 
2  46  33 

3  26    1 
3    7  20 

3  48  50 
8  28    6 

4  11  39 
3  38  61 

484  26 
4    936 

4  67  18 
4  80  18 

600 
650 

2  32  41 
2  20  57 

2  61  45 

2  38  as 

3  10  47 
2  56    8 

8  29  49 
8  13  48 

8  48  61 
8  81  17 

4    751 
8  48  61 

700 
750 

2  10  54 
2    2  11 

2  27  15 
2  17  26 

2  43  85 
2  32  41 

2  69  66 
2  47  66 

8  16  14 
8    3  10 

3  33  38 
3  18  «4 

800 
850 

1  54  33 
1  47  49 

2    8  51 
2    1  17 

2  23    9 
2  14  45 

2  37  27 
2  28  12 

2  61  45 

2  41  40 

8    0    2 
265    7 

900 
950 

1  41  50 
1  36  28 

1  54  33 
1  48  32 

2    7  16 
2    0  34 

2  19  69 
2  12  37 

2  82  41 
2  24  40 

845  83 
8  86  42 

1000 
1060 

1  31  39 
1  27  17 

1  43    6 
1  38  12 

1  54  as 

1  49    0 

2    6    0 
2    0    U 

2  17  26 

8  10  64 

898  58 
881  48 

1100 
1150 

1  23  19 
1  19  42 

1  33  44     , 

1  29  40 

1  44    8 
1  39  37 

1  54  as 

1  49  33 

2    4  67 
1  69  32 

8  15  81 
8    986 

NCTK. — When  observed  masthead  angles  are  not  more  than  6**  they  Rhonld  be 
taken  both  on  and  qtf  tbe  arc  of  the  sextant,  and  the  mean  will  give  ang^  free  o( 
index  error. 
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Table  oi  Masthead  Angles — Continued. 


nee 


Height  of  Masthead. 


1 

140  feet 

i 

150  feet 

160  feet. 

170  feet 

180  feet. 

190  feet 

o      /      // 

o     /     // 

O       f       If 

o      f      /> 

o       /      // 

o       /       // 

100 
150 

25    1    0 
17  16  55 

26  38  64 
18  26    6 

28    4  21 
19  84  24 

29  82  19 
20  41  44 

80  67  60 
21  48    6 

32  20  61 
22  53  26 

800 
S50 

13    8    2 
10  34  25 

14    2  11 
11  18  36 

14  65  68 
12    2  33 

15  49    9 
12  40  16 

16  41  67 
13  29  45 

17  S4  17 
14  12  57 

800 
S60 

850  80 
785  40 

9  27  44 

8    7  49 

10    4  50 
8  89  51 

10  41  47 
9  11  48 

11  18  36 
9  43  40 

11  55  15 
10  15  25 

400 
460 

6  39  16 
5  65  14 

7    7  30 
620  26 

785  40 
6  45  33 

8    3  47 
7  10  38 

8  81  51 
7  35  41 

8  59  50 
3    0  40 

600 
560 

6  19  56 
4  50  59 

5  42  89 
5  11  40 

6    5  19 

6  32  19 

6  27  57 
5  53  57 

650  34 
6  13^3 

7  18    9 
634    8 

800 
660 

4  26  61 
4    628 

4  45  49 
4  23  65 

6    4  47 
4  41  26 

5  23  43 

4  68  57 

5  42  38 
5  16  26 

6    1  32 
533  54 

700 
760 

8  48  61 
883  88 

4    6    8 
3  48  61 

4  21  25 
4    4    3 

4  87  41 
4  19  15 

4  53  57 
4  34  26 

6  10  11 
4  49  37 

800 
860 

8  20  19 
8    833 

8  34  85 
3  21  59 

3  48  51 
335  25 

4    3    6 

3  48  51 

4  17  21 
4    2  16 

4  31  35 
4  15  40 

«50 

258    6 
248  44 

8  10  47 
3    0  46 

828  29 
8  12  48 

8  36  10 
3  24  49 

8  48  51 
336  50 

4    1  31 
3  48  61 

1000 
1050 

2  40  19 
2  32  41 

2  61  45 
248  85 

8    3  10 
2  54  88 

3  14  36 
3    521 

3  26    1 
3  16  14 

3  37  26 
3  27    6 

1100 
1150 

226  45 
2  19  26 

2  8a    9 
2S9  22 

2  46  33 
2  39  19 

2  56  56 
2  49  17 

3    720 
2  t9  12 

8  17  48 
8    9    8 

Nora.— When  obmrved  masthead  angles  are  not  more  ttiMV  ^"^  \3\«^  i^^\s\^.  \)i^ 
ttOBoabfMi&nand  qff  tbearoof  the  /extant,  and  the  mean  Nv\\i  give  M\%t\«  \x«ft<A 
index  eiTor. 
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Table  of  KasUftead  ^*»g^^*« — Cantintud. 


m 


laco 

1250 

1300 
1390 


i 


1400  ' 
1450 


I 


1500 
1560 

16U0 
1650 

1700 

1750 

1800 
1860 

1900 
1950 

2000 
2800 

3000 
3500 

4000 
4600 

6000 
6500 

flOOO 


Bat^at 


jwds.      80  feet.  90feeC  100  feet.         110  feet.         130  feet. 


0  /     /r 

1  16  23 
1  13-20 

1  10  31 
1    754 

1    528 
1    3  13 

117 
0  59    8 

0  57  18 
0  55  33 

0  53  55 
0  52  23 

0  50  56 
0  49  33 

0  48  15 
0  47    1 

0  45  50 
0  £6  40 

0  30  W 
0  26  12 

0  22  55 
0  20  22 

0  18  20 
0  16  40 


0  r     ft 

1  25  56 
1  22  29 


0  16  16 


o       /       /» 


S5  2S 
31  39 


•    t    ft 

1  45    1 
1  40  49 


130  feet 


o   /   // 

O        t       ff 

164  33 
1  49  58 

2  4  5 

1  69  8 

1  19  19 
1  16  23 

1  28  8 
1  24  52 

136  66 
1  33  21 

1  45  45 
1  41  60 

1  64  83 
1  60  18 

1  13  39 
1  11  7 

1  2150 
1  19  1 

1  ao  1 

'   1  2665 

188  12 
,   1  34  49 

1  46  22 
1  42  48 

1  843 
1  632 

1   1  16  23 
:   1  13  55 

1  24  1 
12119 

1  31  89 
1  2842 

1  89  17 
1  86  5 

1  4srr 

1  230 

1  11  37 
1  926 

1  18  46 
1  16  23 

1 

!   1  2566 
1   1  23  19 

1  83  6 
1  80  16 

1  0£9 

0  58  55 

1  7  24 
j   1  528 

1  14  8 
1  12  1 

1  20  63 

1  18S4 

1  27  87 
1  25  6 

0  57  IS 
0  55  44 

1  389 
1  1  56 

1  10  1 
18  7 

1  16  88 
1  14  19 

1  S2  46 
1  20  80 

0  64  16 
0  52  53 

1  0  18 
0  58  46 

1  620 
1  488 

■ 

1  12  22 
1  10  81 

1 18  as 

1  16  28 

0  51  34 
0  41  15 

0  57  17 
0  45  50 

1  3  1 

0  50  25 

1  845 
066  0 

1  14  28 
069  8b 

0  24  23 

0  29  28 

0  38  12 
0  V.^  44 

042  1 
0  36  1 

045  60 
0  39  17 

0  49  89 
0  42  84 

0  25  47 
0  22  55 

0  28  39 

0  25  28 

0  31  31 
0  28  1 

0  84  23 
080  88 

0  87  14 
088  • 

0  20  38 
0  18  45 

0  22  55 

0  20  50 

0  25  12 
0  22  55 

027  80 
025  0 

0  29  4B 
0  27  6 

0  17  11 

0  19  6 

0  21  0 

022  65 

924  69 

,  IVOTX,— When  observed  masthend 
tmken  bath  on  and  fiff  the  arc  of  the 
'idox  error. 
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Table  ci  Masthead  AngI 


Continued. 


Bla 

tanc 
in 

e 

Height  of  Masthead. 

yard 

s.    140  feet. 

150  feet 

160  feet. 

170  feet. 

180  feet. 

190  feet. 

0      /       // 

o       /      // 

o    /    // 

o      /       // 

o       /      // 

o       /      // 

m 

218  37 
2   8M 

228    9 
2  17  26 

2  32  41 
226  85 

2  42  13 
2  35  44 

2  51  45 
2  44  53 

3    1  16 
2  54    3 

m 
m 

2   3  21 

158  47 

3  12    9 
2    7  16 

3  20  57 
3  15  45 

2  29  45 
2  24  13 

2  38a3 
2  32  41 

2  47  21 
2  41    9 

m 

1450 

154  38 
1     16036 

S    348 

1  58  30 

3  10  64 
3    623 

2  19    4 
2  14  17 

2  27  15 
2  22  10 

385  36 

330    4 

m 

1  46  55 
1  43  28 

1  64  33 
1  50  61 

3    3  11 
1  58  14 

2    948 
2    5  37 

2  17  26 
2  13    1 

3  25    4 

330  23 

1  40  12 
1  37  12 

1  47  24 

1  44    8 

1  54  88 
1  51    5 

2    1  42 
1  58    1 

2    8  62 
2    4  57 

2  16    1 
2  11  63 

1700 
1750 

1  84  21 
1  31  39 

1  41    5 
1  38  12 

1  47  49 
1  44  44 

1  54  33 
1  51  16 

2    1  17 
1  57  49 

2    8    1 
2    4  21 

m 

1  29    6 
1  26  4^ 

1  35  28 
1  32  53 

1  41  50 
1  89    5 

1  48  12 
1  45  16 

1  54  33 
1  51  27 

2    0  54 
1  57  39 

1  24  25 
1  22  15 

1  30  27 
1  28    8 

1  36  28 
1  34    0 

1  42  30 
i  39  52 

1  48  31 
1  45  45 

1  54  33 
1  51  87 

8600 

1  20  12 
1    4  10 

1  25  56 
1    845 

1  31  39 
1  13  20 

1  37  22 

1  17  55 

1  43    6 
1  22  30 

1  48  50 
1  27    4 

8000 

asoo 

053  28 
0  46  50 

0  67  17 
0  49    7 

1    1    6 
0  52  23 

1    4  56 
0  55  39 

1    8  45 
0  58  56 

1  12  34 
1    2  12 

4000 
4500 

0  40    6 
036  39 

042  58 
0  38  13 

0  45  50 
0  40  45 

0  48  42 
0  43  17 

0  51  34 
0  45  50 

054  26 

0  48  23 

nooo 

032    6 

0  29  10 

0  34  23 
0  81  15 

0  86  40 
0  38  20 

0  38  58 
0  35  25 

0  41  15 
0  37  30 

043  33 
0  39  36 

6000 

026  56 

0  28  39 

0  30  33 

0  32  28 

0  34  23 

0  36  17 

N(yrB. — When  observed  masthead  angles  are  not  more  than  5°  they  should  be 
taken  both  an  ctnd  off  the  arc  of  the  sextant,  and  the  mean  will  give  angle  free  of 
index  error. 
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Time  Required  for  a  Vessel  to  Cross  a  Field  of  Fire  of  BO**. 

(Ordnance  Mctnual.) 


Velocity  of  the  ship. 

DiSTANOB  IN  CABLB'8  LENGTHS. 

2          ,           4 

6        1        8 

10 

12 

0  knots 

M.S. 

2    02 
1    30 
1     12 
1    00 
0    52 
0    46 
0    40 

M.    8. 

4    04 
3    UO 
2    21 
2    00 
1     44 
1    32 
1    20 

M.    8. 

6    06 
4    30 
8    26 
8    00 
2    36 
2    18 
2    00 

8    08 
6    00 
4    48 
4    00 
3    28 
3    04 
2    40 

M.    8. 

10    10 
7    80 
6    00 
5    00 
4    20 
3    50 
3    20 

M.    B. 

12    12 

8     "      

10      "      

9    00 
7    19 

12     "      

6    00 

14     " 

5    12 

16     "      

4    86 

18     "     

4    00 

Methods  of  Asoertaining  from  a  Fort  or  Ship  the  Distance  of 

an  Enemy's  Ship. 

When  the  height  of  the  enemy's  masthead  above  the  water-line  is 
known,  the  table  of  masthead  angles  will  give  the  distance  ;  but  in 
the  case  of  monitors  without  masts,  gun-boats,  mortar- boats,  etc., 
this  method  is  not  available.  In  such  cases  the  distance  may  be 
found  by  "  Buckner's  method,"  provided  the  horizon  is  in  sight 
above  the  ship.  This  method  was  more  especially  designed  for  use 
on  board  ship,  but  it  is  equally  available  on  shore.  Every  fort  should 
have  its  own  '*  horizon"  table  calculated  and  hung  up,  the  difference 
being  due  to  the  varying  height. 

If  there  are  two  forts  suflSciently  far  apart  to  allow  of  the  distance 
between  them  forming  a  base  of  suflScient  length,  and  telcgr«phic 
communication  is  established  between  the  forts,  then  a  chart  of  the 
approach,  divided  into  small  squares,  will  show  with  great  accuracy 
the  exact  position  of  the  enemy's  ship ;  it  will  be  at  the  intersection 
of  two  rulers,  one  of  which  is  controlled  by  a  telescope  pointing  at 
the  ship  from  one  fort,  and  the  other  ruler  at  the  same  fort  is,  by 
electricity,  constrained  to  follow  exactly  and  be  parallel  to  the 
direction  of  the  telescope  at  the  other  fort,  also  kept  pointing  at  the 
enemy.  This  method  may  be  usefully  employed  for  torpedo  pur- 
poses, as  well  as  for  gunnery. 

In  the  absence  of  such  an  arrangement,  the  bearing  of  the  ship, 
and  the  changes  in  it,  may  be  telegraphed  from  one  fon  to  the  other 
and  plotted  on  a  chart.  The  distance  may  also  be  found  by  the  dip 
angle,  observed  with  a  theodolite. 
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/     Buckner's  Table  for  Finding  the  Distance  of  an  Oliject  at  Sea. 

To  use  the  table,  let  an  obsenrer  from  the  oross-trees  measure 

'febe  angle  between  the  distant  horizon  and  the  enemy^s  water-line, 

•cuid  look  into  the  table  with  that  angle ;   opposite  to  it,  in  the 

^2olamn  marked  distances,  will  be  fonnd  the  distance  of  the  object 

Xji  yards 


TARDS. 

HKIOHT  or 

THX  ETS  ABOVl 

:  THI  u 

BVEL  OF 

70 

THB  BE  A,   IM   F 

80           IK) 

BBT. 

Distance. 

20 

30 

40 

50 

CO 

100 

•    / 

o      / 

0      / 

o       / 

0      / 

0       / 

o        / 

0        / 

0        / 

100 

S  44 

6  37 

7  29 

9  21 

n  11 

13  00 

14  47 

16  84 

18  16 

aoo 

1  60 

246 

8  43 

4  89 

5  35 

6  31 

7  27 

8  23 

9  18 

300 

1  12 

1  40 

226 

304 

3  41 

4  la 

4  56 

5  33 

6  11 

400 

52 

1  21 

1  48 

2  16 

244 

8  12 

3  40 

4  08 

4  S6 

600 

41 

1  OS 

1  25 

1  48 

2  10 

2  32 

2  51 

3  17 

3  89 

flOO 

£4 

52 

1  10 

1  29 

1  47 

2  05 

2  24 

2  42 

3  01 

700. 

33 

44 

1  01 

1  15 

1  81 

1  46 

2  01 

2  18 

2  84 

800 

24 

88 

51 

1  05 

1  18 

1  o2 

1  46 

2  00 

2  18 

900 

81 

83 

45 

57 

1  00 

1  22 

1  3;^ 

1  45 

1  57 

1,000 

18 

29 

40 

50 

1  01 

1  12 

1  23 

1  34 

1  45 

1,100 

16 

26 

85 

45 

55 

1  05 

1  15 

1  24 

1  84 

1,200 

15 

23 

82 

41 

60 

59 

1  08 

1  17 

1  26 

1,800 

13 

21 

29 

87 

45 

53 

1  02 

1  10 

1  18 

1,490 

12 

19 

27 

84 

41 

49 

57 

1  04 

1  12 

1,600 

11 

18 

24 

81 

38 

45 

52 

59 

1  07 

I.fi00 

10 

16 

22 

29 

35 

42 

48 

55 

1  02 

1,700 

09 

15 

21 

27 

m 

39 

4.-, 

51 

68 

1,800 

08 

14 

19 

25 

31 

30 

41 

47 

54 

1,900 

08 

13 

18 

23 

29 

34 

39 

45 

50 

2,000 

07 

12 

17 

22 

27 

r.2 

37 

42 

47 

2,100 

06 

11 

16 

20 

25 

so 

35 

40 

45 

2.200. 

06 

10 

15 

19 

24 

28 

33 

38 

42 

2,300 

06 

10 

14 

18 

22 

27 

31 

;:6 

40 

2,400 

05 

09 

13 

17 

21 

25 

29 

M 

88 

2,600. 

05 

08 

12 

16 

20 

24 

28 

32 

16 

No  correct  nse  of  this  table  con  be  made  when  the  proximity  of 
land  may  interfere  with  the  distance  of  the  hoiiioiv. 
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1 

horiujn. 
mtlB. 

is 

6,iW 

Feet 
38 

B7 

! 

« 

4S 
4B 

4B 

-in 

GS 
05 

Di. 

i 

^"^^"^ 

t 
1 

Peet. 

SIB 

i 

i 

SOB 

s 
s 

410 

s 

il 

i 

a 

= 

i 

?2 

1.35 
7^70 

tt*S9 
b:75 

pert. 

110 
tlG 

i:o 

i 

14£ 

166 
85 

aoa 
am 

SIB 

tao 
sso 

'Sle^ 
10.6S 

si 

3.m 
u'.m 

1J.T5 

IS 

1 

su 
>1 

as 

1 

i 
1 

i 

s 

S3 
89 

as 

4B0 
47U 

810 

sao 

6« 

B80 
800 

nao 

TOO 
7J0 

14  .Hi 
S4,ia 

IS.'lfi 
S(l.« 

gj 

37.41 
97. M 
37.90 

ss.ia- 

ss'.m 

II 

28. ra 
so.n 

II 

81.24 

as 
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Finding  Distance  of  a  Target  at  Sea. 

M 


J^i^mple, — M  S=height  of  main-top. 

'^  M  H,  observed  angle  between  the  target  and  the  horizon. 

|aM=dip.  ^ 

^  T  M  =  dipx  observed  angle. 

"^HB  Distance  a  Vbssbl  is  Off  when  seen  from  the  masthead 
of  another  vessel,  may  be  roughly  calculated  by  using  the  table  show- 
»^  the  distance  of  the  horieon  at  different  elevations  in  the  following 
maimer:  Suppose  height  of  observer's  masthead  to  be  150  feet.  A 
Bail  18  seen  from  it,  with  half  her  top-sails  visible  above  the  horizon. 
An  estimate  must  be  formed  of  the  height  of  half  her  top-sails — say 
70  feet. 

Height  of  70  feet  makes  the  horizon  at  that  height  as  9^  miles 
distant;  and  of  150  feet  (height  of  observer's  masthead),  14  miles  ; 
total  distance  between  the  two  vessels,  23^  miles. 

To  Find  the  Distance  from  a  Ship. 

To  the  log.  of  the  height  of  the  masthead  of  the  distant  ship,  add 
the  log.  cotangent  of  the  observed  masthead  angle. 

To  Find  the  Distance  of  a  Ship  to  Windward  or  to  Leeward. 

To  the  log.  of  the  distance  between  the  two  ships,  add  the  log.  sine 
of  the  angle  between  a  line  at  right  angles  to  the  v:iiid^maL\^«\^^%X' 
ing  of  the  ihip. 
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Measnring  Distances  on  Shore. 

To  continue  the  measurement  of  the  hose  line  k'B^or  to  measure  the 
distance  across  an  intervening  river,  etc. 

Set  off  two  equal  lengths  m  the  same 
straight  Ime  at  any  convenient  angle 
from  a  to  b  and  from  b  to  c  marking  b  and 
c  with  stakes ;  measure  from  c,  on  a  line 
parallel  to  A  6,  the  distance,  c  d,  between 
c  and  a  point  d,  where  the  stake  a  b  came 
in  line  with  the  object  B.  The  length,  c 
d,  will  be  equal  to  the  required  distance 
aB. 


To  measure  t/ie  distance  a  d  across  a  smaU 
lake  o7'  marsh. 

Measure  a  straight  line  from  a  to  e,  and 
also  from  d  to  c,  making  e  b  =  b  a,  and  b  c 
=  b  d,  then,  by  equal  triangles,  e  c  is  equal 
to  a  d,  whence  by  measuring  e  c  we  get  the 
required  distance. 


MEASURING  HEIGHTS. 

To  find  the  height  of  an  object^  C  B,  ilie  hose  of  which  is  aceessi- 
hie,  and  on  the  same  level  as  the  observe^', 

.o 


A  B 

Measure  the  angle  B  A  C,  and  distance  A  B,  and  then : 

CB~tan."B  KCxk^. 
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Jo  find  Hie  height  of  nn  inaceessible  tower,  A  B,  and  Vis  difference 
^J  *^d  between  B  and  D,  the  nearest  accessibie  point  toBA, 


-^^i^Qct  a  stake  the  height  of  the  eye  at  D,  and  at  E,  on  the  same 
level  as  B,  observe  the  angles  of  elevation  A  E  C  and  ADC,  and 
n^^^ure  the  base  E  D : 


AC=: 


ED 


cotan.  A  E  D— cotan.  ADC. 


'I^e  height  B  C  can  be  ascertained  in  the  same  way,  which  sub- 
teacted  from  A  C  gives  A  B. 

To  find  t/ie  height,  from  the  angle  of  elevaU'oji  or  deprension  to  an 
o^ect,  the  distance  being  known. 

Minutes  and  decimals  in  angle  x  fathoms  in  distance. 


Height= 

{Roughly. ) — ^If  the  object  be  accessible,  measure  the  length  of  its 
shadow,  and  at  the  same  time  the  shadow  of  a  pole  of  known  length 
\pr  your  own  shadow) ;  the  lengths  of  the  shadows  are  proportional 
to  the  heights.  This  must  be  done  quickly,  as  the  sun  is  always  on 
the  move. 

Or,  recede  from  an  artificial  horizon  until  the  reflected  image  of 
the  summit  is  seen  in  the  mercury.  Measure  the  distaiices  between 
this  position  and  the  artificial  horizon,  also  between  the  artificial 
horizon  and  the  foot  of  the  object.  The  distances  at^  \TL^tQ>^xU.Qvv 
to  the  height  at  the  observer's  eye  and  the  height  ot  \.\ie  q.>b\^^\»« 


220 


MEASURING  HBIGHTS. 


Sbc.  IV. 


Dip  of  fhiB  Horisoii. 

Approximately,  the  dip  in  minutes  is  the  sqttare  root  €f  the  height  in 

feet. 


Height. 

Dip. 

1 
Height. 

Dip 

Height. 

Dip. 

Feet. 

/  // 

Feet. 

/  // 

Feet. 

f  ff 

1 

0  58 

13 

827 

26 

462 

2 

1  21 

14 

836 

88 

6    6 

8 

1  40 

15 

842 

80 

5  15 

4 

1  66 

16 

360 

86 

589 

5 

2    9 

17 

3  67 

40 

6    4 

6 

2  31 

18 

4    4 

46 

6  23 

7 

2*3 

19 

4  11 

60 

646 

8 

2  44 

20 

4  17 

60 

726 

•    9 

2  53 

21 

4  23 

70 

8    1 

10 

8    2 

22 

480 

80 

8  84 

11 

8  10 

2.] 

4  86 

90 

9    6 

12 

8  19 

24 

442 

100 

985 

To  find  the  height  when  the  distniice  w  known  :  To  the  constant  log. 
3.7840,  add  the  log.  of  the  distance  in  miles  and  the  log.  tan.  of  the 
corrected  altitude.  The  nat.  number  of  the  sum  of  these  logs,  being 
added  to  the  number  from  (be  following  table,  will  g^ve  the  height 
in  feet: 


Miles. 

Feet.  I 

1 

MileR. 

! 

Feet. 

MUes. 

Feet. 
390 

Miles. 

Feet. 

i  Miles. 

Feet. 

MlleP. 

Feet. 

1 

0.9 

11 

107 

21 

n 

8-0  i 

41 

1,487 

55 

2,677 

2 

8.5 

12 

127 

22 

428 

82 

1K>6 

42 

1,561 

<;o 

8,186 

3 

8.0 

13 

149 

23 

468 

33 

964 

43 

1,636 

65 

8,740 

4 

14.1 

14 

173 

24 

510 

84 

1,023 

44 

1,718 

70 

4,887 

5 

22.1 

15 

199 

25 

553 

35 

1,084 

•45 

1,792 

75 

4,976 

6 

31.8 

16 

226 

2f) 

598 

86 

1,147 

46 

1,872 

80 

6,6r6 

7 

43.8 

16 

256 

27 

645 

8T 

1,211 

47 

1,964 

66 

6,894 

8 

56.6 

17 

287 

28 

694 

88 

1,278 

48 

2,089 

90 

7,172 

9 

71.6 

19 

319 

1    29 

745 

39 

1,346 

49 

8.124 

95 

7,987 

10 

88.4 

20 

254 

1    30 

I 

797 

40 

1,416 

50 

2,212 

100 

8,862 

The  table  is  to  be  entered,  with  disUxic^  olXk^  o\Mifiiver^  in  milea. 
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^aamfpiU.  — The  altitude  of  a  sammit  is  (oorrected  for  dip)  2**  48\ 
the  distance  20  miles,  the  height  of  the  eye  16  feet. 

80  log 1.8010 

Const 8.7840 

Log.  tan 8.e894 

6.M9 log.  8.7744 


Height  above  level  of  obaenrer.  . .  5,940 

Cor.  for  cnrratnre  at  20  miles 854 

Heifi^t  of  observer's  eye 10 

Height  required  in  feet 6^319 


Table  for  Oonverting  Rnoti  into  Statute  Miles. 
(2%6i8»w?«~6,080/«<rf/  the  statuU  mae=^,2S(i feet.) 


Admir- 
alty 

knots. 

Statute 
miles. 

Admir- 
alty 
knots. 

Statute 
miles. 

Admir- 
alty 
knots. 

Statute 
miles. 

Admir- 
alty 
knots. 

Statute 
miles. 

1.00 

1.151 

7.26 

8.848 

18.60 

16.545 

19.75 

22.742 

125 

1.489 

7.60 

8.686 

18.75 

15.888 

20.00 

23.080 

1.50 

1.739 

7.75 

8.924 

14.00 

16.121 

20.25 

28.318 

1.7i 

2.015 

8.00 

9.212 

14.25 

16.409 

20.60 

28.606 

2.00 

3.808 

8.25 

9.600 

14.50 

16.696 

20.75 

28.898 

2.ft 

2.690 

8.50 

9.787    1 

14.75 

16.964 

21.00 

24.181 

^.60 

8.878 

8.75 

10.076    1 

16  00 

17.272 

21.25 

24.460 

3.75 

8.106 

9.00 

10.898    i 

16.25 

17.560 

21.50 

24.757 

3.00 

8  454 

9.86 

10.615 

15.60 

17.848 

21.75 

26.045 

3.« 

8.742 

9.60 

10.989 

16.75 

18.186 

22.00 

25.333 

3.50 

4.080 

9.75 

11.237 

16.00 

18.424 

22.26 

25.621 

3.75 

4.818 

10.00 

11.616 

16.25 

18.712 

22.50 

25.909 

4.<« 

4.606 

10.86- 

11.808 

16.50 

18.999 

22.76 

26.19(i 

4.S5 

4.893 

10.60 

12.090 

16.76 

19  287 

28.00 

26.484 

4.50 

6.181 

10.75 

12.878 

17.00 

19.576 

23.25 

26.772 

4.75 

6.469 

11.00 

12.666 

17.25 

19.868 

23.50 

27.060 

5.00 

5.757 

11.26 

12.964 

17.50 

20.151 

28.75 

27.;i48 

5.36 

6.015 

11.60 

13.»12 

17.75 

20.489 

24.00 

27.686 

5.60 

6.833 

11.75 

13.680 

18.00 

20.727 

24.25 

27.924 

5.75 

6.621 

12.00 

13.818 

18.25 

21.015 

24.50 

28.212 

6.00 

6.909 

12.85 

14.106 

18.50 

21.303 

24.75 

2«.499 

6.86 

7.196 

12.50 

14.898 

18.75 

21.690 

25.00 

28.787 

6  60 

7.484 
7  772 

12.76 
13  00 

14  681 

19  00 

21  S78 

6  75 

14  969 

19  25 

22  16B 

7  00 

8.060 

18.26 

16.257 

19.50 

2-2.454 

ne  Kcugii^yhteal  mile  is  generally  defined  to  be  the  length  of  a  minnto  of  arc  in 
the  earth^s  equator ;  but  the  nautical  mite,  aa  defined  by  hydrographcrf,  is  the  length 
of  a  minute  of  the  meridian,  and  is  different  for  every  different  \at\tvx(\&.    1\.  S&  «n^«^. 
to  a  minnte  of  arc  in  a  tSrele,  wboae  radius  is  the  radioB  ot  the  c\ixN«JcaT«  ol  \}ckA  \(\s!t- 
idian  »fe  IJto  Jatittufe  of  the  place. 


UBASUBIHO  HEIGHTS. 


Mawnrii^;  He^hta  by  Barometer. 

la  this  table,  the  difference  between  tfie  number  of  feet  opponte  thl 
height  of  n  barometer  at  one  station  and  timt  at  ai^ther  iithea^ 
prosciauite  difference  in  the  height  of  the  etalioTts. 
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TndES  OF  OBRTAIM  PHENOMENA. 

To  Find  the  Time  to  Fire  the  Daylight  Gun. 

Daybreak,  or  the  commencing  of  morning  twilight,  occurs  after 
the  sun  has  crossed  the  crepuscolam,  or  twilight  circle,  which  is  IH"* 
below  the  horizon. 

BohE. — ^Under   the   latitude  put  the  declination,  marking  them 

with  their  proper  names,  N.  or  S.     If  the  names  are  alike,  take  the 

<i'fference ;  if  unlike,  take  the  sum  and  under  this  put  the  constant 

*ngle  108',  take  the  sum  and  diflference.    Add  together  the  log.  sec. 

J^  the  two  first  terms   (rejecting  tens  in  the  index),  and  half  log. 

'^S'V.  of  the  two  last.     With  the  sum  as  a  log.  hav.,  take  out  the 

corresponding  angle  in  time  at  the  top  of  the  page,  which  will  be 

*'*6  ending  of  evening  twilight,  and  which,  subtracted  from  twelve 

liours,  will  give  the  beginning  of  morning  twilight,  or  daylight,  in 

^'Ppareat  time. 

Latitude 22  17  N.  Log.  sec.  0.0337 

Declination 15  03  N.  Log.  sec.  0.0151 

7  14 
108  00 


115  14  i  Log.  hav.  4.9266 

100  46  i  Log.  hav.  4.8867 


H.  M.  Log.  hav.  9.8621 

ining  twilight  ends    7  49 

12  00 


4  11  Morning  twilight  begins. 

To  Find  the  Time  of  Sunrise  or  Sunset. — Add  together  the  log. 
tang,  of  latitude  and  declination.     The  result  will  be  the  log.  cos. 
of  an   angle   in   time  which,  if  the   latitude   and   declination  are 
uniikey  wiU  be  the  apparent  time  of  sunset,  and,  ft\ibUty.etje^  t^wss. 
twelve  hours,  the  apparent  time  of  sunrise. 
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If  the  latitude  and  decimation  are  alike,  the  angle  first  found  ¥nll 
be  the  apparent  time  of  sunrise  and,  subtraoibed  from  twelve 
hours,  the  apparent  time  to  sunset.  If  mean  time  (harbor  tiiLe)  is 
required,  the  equation  of  time  must  be  applied  after  the  time  of 
sunset  and  sunrise  has  been  determined. 

Example : 

Latitude 22  17  N.  Tang.  9.6136 

Declination 15    3  N.  Tang.  9.4396 

5  35  Cos.     9.0433 

12  00 


Apparent  time 0  25 

Equation  of  time 03 


Mean  time  sunset G  23 

This  is  the  time  of  the  setting  of  the  sun's  eerUre,  to  the  eye,  at  the 
level  of  the  sea,  and  without  the  atmosphere. 

To  find  the  change  in  the  time  of  apparent  rising  or  setting,  due 
to  the  horizontal  refraction  and  the  height  of  the  spectator,  add  to- 
gether the  log.  sec.  of  the  latitude  and  declination,  the  log.  cosec. 
of  the  hour  angle  at  rising  or  setting,  and  the  log.  sine  of  84^  +  dip 
for  the  height  of  the  eye  ;  the  sum  is  the  log.  sine  of  the  portion  of 
time  required,  nearly. 

Example.— La.t.  28'  IC  N.,  declination,  16°  10'  N. :  required  the 
difference  in  the  times  of  sunset  to  the  eye  at  the  level  of  the  sea, 
and  elevated  16  feet  above  it. 

Hour  angle  at  setting,  6  h.  36  m. 

Latitude sec.      0.0551 

Declination sec.      0. 0175 

Hour  angle cosec.  0.0054 

34' -h4' sin.      8.0436 


8.1316 
T/me  required,  3  m.  2  b. 
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Sonset  Table. — For  constractiiig  a  sunset  table  for  harbor  use,  the 
tiime  of  setting  of  the  smi*s  upper  limb  in  the  visible  horizon,  consid- 
eiing  the  eye  to  be  at  the  level  of  the  sea,  is  what  is  required. 

To  obtain  this,  add  together  the  log.   sec.  of  the  latitude  and 

decimation,  the  log.  cosec.  of  the  hour  angle  at  rising  or  setting,  and 

'''^e  log.  sine  of  34'  +  semi-diameter  of  sun;  the  sum  is  the  log.  sine 

^^  the  portion  of  time  to  be  added  to  the  mean  time  of  setting  of 

^be  aun^s  centre,  to  obtain  the  mean  time  of  the  disapi)earance  of 

*'bo  upper  limb. 

^f  Baper^s  ^*  Navigation"  is  at  hand,  the  apparent  time  of  setting 
^^  the  sun^s  centre  may  be  taken  from  table  26 ;  by  applying  the 
^51u^tion  of  time  the  mean  time  is  obtained,  and  the  above  correo- 
^^^o.  is  then  to  be  added  to  get  the  mean  time  of  setting  of  the  sun's 
^Pper  limb. 

FINDING  THE    STARS. 

.The  most  conspicuous  stars  have  been  designated  by  names,  and 
T**^®  stars  in  each  constellation  are  distinguished,  for  reference,  by 
Jitters  and  numbers.     The  letters  used  for  this  purpose  are  the  small 
otters  of  the  Greek  alphabet. 

In  finding  any  star  in  the  heavens,  it  is  customary  to  refer  to  some 
^^e  star  or  constellation  as  known :  the  Great  Bear,  called  also  by 
^^e  Latin  name  Ursa  Major ^  in  the  northern  part  of  the  heavens, 
^nd  consisting  of  seven  principal  stars,  is  the  most  convenient  for 
^lie  purpose. 

The  two  stars  a  and  /9  point  nearly  to  Polabis  (or  the  Pole  Star), 
^nd  are  hence  called  the  Pointers, 

Aline  from  Polaris  through  ij  (the  last  of  the  tail)  passes  at  31'' 
V)eyoad  17,  through  Arcturus,  a  very  bright  star. 

A  line  from  Polaris  perpendicular  to  the  line  of  the  Pointers  and 
^Q  the  opposite  side  to  the  Great  Bear,  passes  at  48''  distance 
t^hrough  Gapdla^  one  of  the  brightest  stars. 

In  the  same  line,  about  the  same  distance  on  the  opposite  side  of 
the  Pole,  is  a  Lyra^  called  also  Vega  and  Lyra^  a  large  white  star 
in  the  Habp. 

At  one -third  of  the  distanoe  from  Arcturus  to  a  Lyrm  is  Alphacca^ 
the  brightest  star  of  a  semicircalar  group  caMed  Vik^  ^o^TSS»s< 
Obown. 

13 
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About  23''  to  the  eastward  of  a  LyraSt  and  about  the  same  dis- 
tance as  this  star  is  from  Polaris,  is  fi  Gygni^  the  bright  star  in  the 
&U)an. 

A  line  from  Polaris  passing  between  this  last  and  a  LyroB^  and  pro- 
duced to  an  equal  distance  beyond  them,  passes  through  a  AqtiUcB  (or 
Altair),  a  bright  star  between  two  small  ones. 

A  line  from  Polaris  drawn  between  CapeUa  and  a  star  close  to  the 
eastward  of  it,  passes  to  the  westward  of  the  constellation  Orion. 

The  two  northern  stars  of  the  four  at  the  comers  are  the  shoul- 
ders, the  northernmost  of  which  is  a  Ononis. 

The  brightest  of  the  two  southern  stars,  the  feet,  is  called  Rigd. 
In  the  middle  are  three  stars  forming  the  belt,  the  northenunost  of 
which  is  nearly  on  the  equator. 

About  25^  to  the  northwestward  of  the  belt,  and  not  far  out  of  its 
line,  is  Aldebaran^  which  may  be  known  by  its  red  color. 

A  line  from  Aldebaran  through  the  belt  passes  at  about  20"  on 
the  other  side  through  SiHus^  the  brightest  star  in  the  heavens. 

Sirius^  the  eastern  shoulder,  and  Procyon  (to  the  eastward  of 
Orion  and  northward  of  Sirius)  form  an  equilateral  triangle. 

Midway  between  the  Great  Bear  and  Orion  are  the  Twina^  Castob 
and  Pollux  (the  latter  the  southern  and  brightest),  about  4°  apart. 
The  line  from  Polaris  to  Procyon  passes  between  them. 

A  line  from  Kigel  through  Procyon  passes  at  an  equal  distance 
beyond  to  the  northward  of  Regulvs. 

A  line  from  Polaris  through  C  Ursa  Majoris  passes  at  70°  distance 
through  Spica  Vir girds, 

A  line  from  Eegulus  through  Spica  passes  at  45''  distance  through 
Antares^  a  bright  reddish  star. 

The  line  from  the  Pointers  carried  through  the  Pole  to  about  75** 
beyond  it,  passes  through  Marcab  (a  Pegasi). 

A  line  from  Polaris  through  Marcab  passes  at  45**  distance 
through  Fofnalhaut,  a  very  bright  star. 

Aeliemar,  Fomnlhaut^  and  Canopv^s  are  in  a  line  and  nearly  equi- 
distant, being  about  40''  apart. 

The  Southern  Cross  is  about  as  far  from  the  South  Pole  as  the 
Great  Bear  is  from  the  North  Pole — y  is  the  head  and  a  the  foot. 
When  some  stars  are  known,  the  rest  are  easily  found  by  the  times 
,  of  their  meridian  passages  and  theVi  d,ec\\ii&i\>vsQ^    k  %tax  may  also 
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be  identified  by  means  of  its  altitnde  or  azimuth,  computed  approx- 
iaiately. 

SHAPINa  THE  COURSIS. 

Bkporb  the  shelter  of  a  port  is  quitted,  whether  able  to  choose  the 
^i-Txxe  for  sailing  or  obliged  to  start  at  a  predetermined  hour,  due  re- 
firard  should  be  paid  to  the  wind  and  weather,  tide  and  current,  that 
'^a.y  be  experienoed  on  leaving  the  harbor. 

When  clear  of  land,  and  having  a  sufficient  offing,  the  course  to 
^6  shaped  is  again  subject  to  the  various  considerations  of  wind  and 
'^'Oather,  together  witii  those  of  the  shortest  distance,  the  safest 
^I'a^^k,  and  the  gpreatest  speed. 

^  Xn  high  latitudes  such  a  consideration  should  always  be  kept  in 
'^Qw,  while  deciding  on  which  tack  to  lay  the  ship. 

GRBAT  OmcIiE   SAILING. 

Gbbat  circle  sailing  being  now  much  used  by  steamers  and  sail- 
'^  vessels  frequenting  high  latitudes,  a  ready  way  of  finding  the  course 
and  distance  along  such  an  arc — ^accurate  within  sufficient  limits — is 
Qsefnl  to  navigators,  when  elaborate  rules  are  not  immediately  avail- 
able. 

It  should  be  remembered  that  land,  ice,  weather,  currents,  or  other 
causes,  considerably  limit  the  adoption  of  great  circle  sailing ;  and 
that  aloDg  or  nearly  along  a  meridian,  as  well  as  within  a  few  degrees 
of  the  equator,  all  i|traight  lines  on  Mercator's  chart  nearly  represent 
arcs  of  great  circles. 

Blized  or  composite  courses  may  generally  be  drawn  by  eye  after 
tracing  a  great  circle  arc. 

The  best  method  that  has  yet  been  devised  for  sweeping  an  arc  of 
a  great  circle  on  one  side  of  the  equator  (on  Mercator^s  chart)  is 
embodied  in  the  following  : 

Rules, 

1. — *' Join  the  first  and  last  points  of  the  course  (or  the  point  of 
deiMurtnre  and  point  of  arrival;  by  a  straight  line  •,  ^^  '\\»  \si\^^'^\ 
erect  there  a  perpendioular  to  that  line  on  the  eid'e  iiexXj  ^2Si'^  ^^ajfia*' 
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Dr,  and  produoe  it,  if  neoeaBarj,  beycMid  the  equator.     The  oentra 
ft  the  sweep  will  be  on  this  perpendicular. 

2. — ''  With  the  middle  latitude  (between  the  two  places)  enter  the 
following^  table,  and  take  out  the  oorreqKmdiog  parallel : 

Middle  Ckurreapocdiiig 

Latitude.  PtonUeL 

20 81     13 

22    78    16 

24    74    59 

26 71    26 

28     rf67    88 

30 |63    37 

32     &69    25 

34     "855      5 

36     ;^50    86 

38     o46       0 

40     |41     18 

42     id6    81 

44     281     88 

46     |26    42 

48     |21     42 

50     ol6    39 

52     11     38 

54    6    24 

56     1     13 


58  •....  4  0 

60  5    9  15 

62  |14  82 

64  ^19  50 

66  225  9 

68  380  30 

70  335  52 

72  §41  14 

74  g46  37 

76  §52  1 

78  557  25 

SO  62  51 
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3. — *'  The  centre  of  the  sweep  will  be  the  intersection  of  the  i>er- 
pendicalar  with  the  parallel  thns  found. 

4. — '^  Fix  one  point  of  the  compasses  in  this  intersection,  and 
'With  the  other  point  sweep  through  the  point  of  departure  and  point 
of  arrival ;  this  sweep  is  the  curve  required.*'* 

The  above  method,  by  G.  B.  Airy,  Esq. ,  Astronomer  Royal,  ap- 
proaches nearly  to  the  correct  projection  of  a  great  circle. 

For  a  long  voyage,  the  arc  of  a  g^eat  circle  should  be  traced  on  the 
chart  as  a  guide  to  be  closely  followed,  circumstances  permitting. 

When  driven,  or  otherwise  separated  a  considerable  distance  &om 
^u  intended  track  on  the  chart,  a  new  course,  or  arc,  should  be 
'traced,  and  no  attempt  made  to  regain  the  first  one. 

IMZercator  Oourse  (Rhumb  Line)  and  Great  Circle  Course. 

On  a  Mercator  chart,  the  course  between  any  two  places  is  a 
Btraight  line.     The  course  between  St.  John's,  Newfoundland,  and 
the  SoUly  Islands  (EngUsh  Channel)  is  N.  85f°  E.,  or  E.  ^  N.  (east- 
erly), and  the  distance  is  1,847  miles;    but  this  rhumb  line  (and  in- 
deed  any  course  on  Mercator^s  projection,   except  a   true  north, 
Bonth,   east,  or'  west  one)  when  placed  on  a  globe,  cutting  every 
meridian  it  passes  at  the  same  angle,  is  a  spiral,  v/hich,  if  pursued, 
and  no  land  intervened,  would  be  always  tending  polar-wise,  with- 
out reaching  the  pole.     The  are  of  a  great  circle  is  the  true  course 
between  two  places,  and  the  distance  along  that  track  is  the  shortest 
possible  ;  it  does  not  seem  to  be  such  when  drawn  on  a  Mercator^s 
chart,  bat  it  is  so,  nevertheless.     The  great  circle  course  between 
St.  John's  and  the  Scilly  Islands  is  represented  on  the  chart  as  a 
curve.     A  ship  on  such  a  course  would  be  constantly  changfing  the 
direction  of  her  head,  as  every  meridian  is  not  cut  at  the  same  angle ; 
ia  this  case,  at  starting  the  course  would  be  N.  68°  E.,  or  E.N.E., 
gradually  ohanffe  towards  east,  as  the  highest  latitude  (latitude  of 
vertex),  51°  14   N.,  in  long.  24"  10'  W.,  was  reached;   the  direction 
would  then  tend  to  southward  of  east,  and  the  last  course  would  be, 
S.  76^"  E.,  or  E.  by  S.  southerly.  The  distance  is  1,807  miles  by  the 
great  circle. 
It  is  always  useful  to  know  the  position  of  the  great  circle  with 
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resx)ect  to  the  Meroator  track,  because  when  winds  head  a  vesRel, 
that  tack  must  be  best  which  leads  the  nearest  to  the  great  circle. 
On  the  g^eat  circle,  a  ship^s  head  always  points  directly  to  her  port ; 
on  the  Mercator  track  she  only  appears  to  point  to  it,  although  on 
the  given  course  she  must  eventoally  reach  the  port. 

LATrrUDB  AND  IiOMGITUDXS  BCESTHODa 

Latitude  by  Meridian  Observations. 

Of  all  observations  the  meridian  altitude  gives  the  most  certain 
and  trustworthy  result,  for  it  is  easy  to  observe,  quickly  worked  out, 
and  quite  independent  of  any  other  observation,  besides  furnishing 
what  is  necessary  to  be  known  before  other  observations  for  longi- 
tude or  compass  error  can  he  worked  up. 

Observation. — Commence  some  time  before  noon,  and  take  the 
altitude  of  the  sun's  lower  limb.  After  waiting  two  or  three  min- 
utes, upon  looking  again,  the  sun  will  be  found  to  have  risen  a  little ; 
the  amount  which  it  has  risen  will  give  you  some  idea  of  the  time 
from  noon,  for  if  close  upon  noon  the  rise  will  be  hardly  perceptible. 
Bring  the  sun  down  to  the  horizon  again,  and  as  the  time  approaches 
12  o'clock,  according  to  your  judgment,  continue  to 'bring  the  sun 
down  at  short  intervals  by  a  touch  of  the  tangent  screw,  until  the 
sun  no  longer  rises,  but,  on  the  contrary,  sensibly  dips.  Keep  the 
highest  altitude  observed  and  read  off. 

If  the  sun  is  likoly  to  be  obscured  at  12  o'clock,  although  clear 
at  half -past  11,  note  the  time  by  your  watch  when  each  altitude  is 
taken,  and  read  off.  Should  the  meridian  altitude  not  be  obtained, 
the  last  altitude  observed  before  the  sun  was  obscured  would  be  use- 
ful, either  for  a  reduction  to  the  meridian,  or,  in  conjunction  with 
a  morning  or  afternoon  sight,  for  a  double  altitude. 

The  Computation. — The  latitude  is  measured  by  an  arc  of  the 
meridian  contained  between  the  zenith  and  the  equator;  therefore, 
if  the  distance  from  the  zenith  when  on  the  meridian  and  the  de- 
clination be  obtained,  the  latitude  is  easily  found. 

To  get  the  sun's  true  central  altitude,  the  semi-diameter  is  to  be 
added  if  the  lower  limb  is  observed,  or  subtracted  if  the  upper  limb 
is  observed. 

The  dip  and  refraction  are  to  be  subtracted,  and  the  parallax  to 
Jbe  added. 
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n?his  altitude  being  subtracted  from  90°  wiU  give  the  true  zenith 

"Xhe  declination  is  next  found  from  the  Nautical  Almanac^  and 
coxTxected  for  the  longitude. 

The  correction  for  the  longitude^  it  nvust  he  remembered^  is  to  be 
€L€i^ied  in  west  longitude  wlien  the  declination  is  increasing,  and  sub- 
tr'cuited  wlun  decreasing  ;  and  vice  versa  in  east  longitude.. 

Saving  the  meridian  zenith  distance  and  declination,  the  latitude 
is  -fco  be  found  as  follows : 

Xf  the  object  bear  south  when  on  the  meridian,  call  the  zenith  dis- 
'tsixxce  north ;  but  if  the  bearing  be  north,  call  the  zenith  distance 
*<>tcth.  If  the  zenith  distance  and  declination  are  of  the  same  name, 
<vd<^  them,  but  if  they  are  of  different  names,  take  their  differenoe ; 
^y^^  result  will  be  the  latitude,  which  will  be  of  the  same  name  as 
tlio  greater. 

^awmpfo.— February  26,  187a     Longitude  about  60*'  W. 

o         /  or 

Altitude  (lower  limb). . .  39  43  S.         Dec 8  39  a 

Correction 11  Corr 4 

Truealt 39  94  True  dec...  0  35  S. 

90  00 

Zenith  dist 50  06  N.   \  ^..^  „„^«„  „„K+,.««f 

Declination  8  35  S.    )'  ^^^'  ^^"'^^  subtract. 

Latitude 41  31  N.  Name  of  greater. 

Short  Method. — It  appears  to  be  a  common  practice  at  sea  to 
perform  the  greater  portion  of  the  calculation  before  going  on  deck, 
working  out  what  is  known  as  a  '"constant,"  which  is  noted  on  a 
>lip  of  paper,  and  the  latitude  is  obtained  at  once  by  subtracting  the 
observed  altitude  from  the  '^constant." 
The  formula  may  be  stated  as  follows : 
Let  L  =the  latitude. 
'^    d  =the  true  declination. 
*^     a  =true  central  altitude  of  the  son. 
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Let  a' = observed  altitade  of  sun's  lower  limb. 
*'     0  =  correction  to  observed  altitade  to  reduce  it  to  true  central 
altitude. 

Then,  when  the  latitude  and  declination  are  of  the  same  name : 

L=90''— a'-f  rf,  and  as  a=(a'+c) 
L=90°— (a'^-c^^■d,  or 
L=(90''  +  <i-c)-a'.     (1.) 

When  the  latitude  and  declination  are  of  different  names : 

lj-QO°—a—d;  or,  as  before, 
jj=90°— {a' -\-c)-d,  and  also 
L=(90°-e?-c)-a'.     (2.) 

The  portion  within  the  parentheses  may  be  compnted  before  fche 
observation,  and  all  that  remains  to  be  done,  in  either  case,  is  to 
subtract  the  observed  altitude. 

As  considerable  time  may  be  wasted  by  the  usual  mode  of  com- 
mencing the  observation  nearly  half  an  hour  before  noon,  it  is  well 
to  find  from  A.M.  observations  for  time,  and  by  allowing  for  the  run 
of  the  ship  in  the  interval,  the  time  of  apparent  noon  by  a  watch, 
and  to  begin  observing  the  altitude  within  three  or  four  minutes  of 
that  time. 

When  the  sea  is  heavy,  it  is  recommended  to  observe  three  or  four 
altitudes  in  quick  succession,  close  to  the  meridian  altitude. 

If  the  observer  is  changing  his  latitude,  and  the  sun  its  declination, 
the  maximum  altitude  is  not  at  the  iostant  of  meridian  passage,  but 
before^  if  the  body  and  zenith  are  separating ;  after,  if  tiiey  are  ap- 
proaching. 

Such  a  correction,  however,  is  of  little  practical  importance  at  sea, 
and  may  be  neglected. 

To  find  the  Ijatitude  by  the  Pole  Star. 

The  attention  of  seamen  is  particularly  directed  to  the  great  ad- 
vantage of  determining  their  latitude  by  the  altitude  of  stars  during 
that  portion  of  twilight  in  which  both  they  and  the  horizon  are  to 
be  seen  with  distinctiveness.  People  too  often  wait  till  it  is  so  dark 
that  the  line  of  the  horizon  becomes  indistinct ;  whereas  the  true 
time  to  take  the  Pole  Star,  or  any  other  of  which  the  time  of  mer- 
idian passage  suitSy  is  after  the  aun.\iaa  «e\>>  ox  X^^lotA  he  risee. 
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In  finding'  any  sfcar  in  the  heavens,  it  is  necessary  to  refer  to  some 
one  star,  or  group  of  stars  (called  a  constellation),  as  known.  The 
G-reat  Bear,  called  also  by  the  name  Ursaa  MajorU^  -a  constellation  of 
th.e  figrore  shown  below,  in  the  northern  parb  of  the  heavens,  and 
consisting  of  seven  principal  stars,  is  most  convenient  for  finding  the 
^ole  Star,  as  also  most  of  the  stars  in  the  northern  hemisphere. 


*  POI.S  STAB. 


THX  OBSAT  BEAB. 


B 


♦A 
♦B 


To  Find  the  Pole  Star. 

Draw  a  line  from  B  to  A  of  the  Great  Bear,  and  produce  it  about 
^e  length  of  the  whole  constellation  of  the  Great  Bear ;  this  line 
>ill  terminate  near  the  Pole  Star.  Since  it  is  one  of  the  most  con- 
^pionons  in  that  part  of  the  heavens,  it  will  be  easily  found  in  this 
banner.  The  stars,  A  and  B,  Ursse  Majoris  (Great  Bear),  used  for 
finding  the  Pole  Star,  are  for  this  reason  called  the  Pointei'f*. 

Taking   thb   Observation. — Bring  the  index  nearly  to  0  on 
the  azo,  holding  the  instrument  vertically,  and  direct  the  view  to  the 
star  through  the  transparent  part  of  the  horizon  glass.     Move  the 
index  slowly  by  the  hand,  and  watch  in  the  qmckBWN^xe^  ^%c\>  \<^x 
tbemotiotn  at  the  image  of  the  star,  which  then  bxvsi^  ^qhtcl  «sA^ 
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fellow  slowly  to  the  horizon,  taking  oaze  not  to  lose  sight  of  the 
image  till  a  contact  is  made  with  the  nearest  point  of  the  horizon. 
Note  the  time  of  observation. 

The  Computation.— Correct  the  observed  altitude  for  index  er- 
ror«  dip,  and  refraction. 

Reduce  the  recorded  time  of  observation  to  local  sidereal  time. 

If  the  sidereal  time  is  less  than  1  h.  16  m. ,  subtract  it  from  1  h. 
16  m. ;  between  1  h.  16  m.  and  13  h.  16  m.,  subtract  1  h.  16  m. 
from  it ;  greater  than  13  h.  10  m. ,  subtract  it  from  25  h.  16  m. ;  and 
the  remainder  is  the  Jixmr  angle  of  Polaris. 

Enter  the  table  with  this  hour  angle,  take  out  the  corresponding 
correction,  and  apply  it  to  the  true  altitude  according  to  its  sign. 
The  result  is  the  latitude  of  the  place.     . 


The  correction  if  the  time  be  found  on 


Thifl  Hide  is 
aubttuciiv  . 


Correction. 


This  fdde  ia 
additive. 


The  oorrection  if  the  time  be  fband  on 


H. 

M. 

o 

/ 

H.  M. 

0 

05 

1 

19 

11  55 

15 

19 

45 

25 

18 

35 

35 

18 

25 

45 

17 

15 

56 

16 

05 

1 

05 

1 

16 

10  55 

15 

14 

45 

25 

13 

85 

35 

12 

.   25 

45 

10 

15 

55 

09 

05 

2 

05 

1 

07 

9  55 

16 

05 

45 

25 

03 

86 

35 

01 

25 

45 

0 

59 

15 

56 

57 

06 

/ 

This  Bide  is 
tfitbtractive. 


Correction. 


This  ride  ia 
additive. 


\\ 


3  05 
15 
25 
85 
46 
66 

4  05 
15 
25 
85 
45 
55 

5  05 
15 
25 
85 
45 
65 

6  00 


0  64 
51 
48 
46 
48 
40 

0  87 
84 
81 
87 
24 
21 

0  18 
14 
11 
07 
04 
01 
0 


H. 

x. 

8 

56 

46 

86 

25 

16 

06 

7 

66 

46 

86 

26 

15 

05 

6 

66 

45 

86 

96 

15 

05 

00 
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^ngitade  by  Single  Altitude  of  the  Sun  (or  "Time  Sight"). 

Observe  in  quick  succession  three  or  five  altitudes  of  the  sun, 
^^ea  rising  or  falling  fastest,  or  when  bearing  nearly  E.  or  W. ,  and 
^ote  the  time  of  each  by  the  chronometer,  or  by  a  watch  compared 
^ith  it. 

Take  the  mean  of  the  noted  times,  and  from  it  find  the  Green- 
^^ch  mean  time ;  for  which  take  from  the  Almanac  the  declination, 
^^nation  of  time,  and  semi-diameter  of  the  sun. 

Take  the  meui  of  the  readings  of  the  instrument,  and  to  it  add 
^)ae  semi-diameter  (if  the  lower  limb  has  been  observed,  otherwise 
^^^btraot  it)  and  parallax,  and  subtract  the  dip  and  refraction  to 
^^l)tain  the  sun's  true  central  altitude. 

The  shi.j's  latitude  must  be  found  for  the  time  of  observation  by 
^^^«rrying  the  reckoning  forward  to  that  time.     Then  if  the  latitude 
^^Tid  declination  be  both  north  or  both  south,  subtract  the  declination 
-'^  ^irom  90"  to  obtain  the  polar  distance  ;  but  if  the  latitude  and  de- 
clination have  different  names,  add  the  declination  to  90°  to  get 
^le  polar  distance. 
Add  together  the  altitude,  the  latitude,  and  polar  distance  ;  from 
le  half  sum  subtract  the  altitude  and  note  the  remainder. 
Then  add  together  the  log.  secant  of  the  latitude,  the  log.  cose- 
^^^nt  of  the  polar  distance,  the  log.  cosine  of  the  half  sum,  and  the 
:^^  sine  of  the  remainder ;  half  the  sum  of  these  four  logarithms 
^^ing  found  in  the  column  log.  sines  (Table  XXVII.,  Bowd.)  will 
^^rrespond  to  the  hour  an^e,  or  local  apparent  time,  in  one  of  the 
•^our  columns. 

Apply  the  equation  of  time  to  obtain  the  local  mean  time,  and 
^his,  subtracted  from  the  Greenwich  mean  time,  will  give  the  longi- 
tude in  time,  which  should  then  be  turned  into  arc. 

When  the  declination  and  latitude  are  nearly  the  same,  the  sun  is 
Nearest  the  prime  vertical  but  a  short  time  before  and  after  its  me- 
ridian passage,  so  that  a  very  great  altitude  may  be  used. 

It  is  recommended  not  to  use  altitudes  of  less  than  10°,  on  ac- 
count of  the  uncertainty  of  the  refraction. 

At  sea  it  is  customary  to  reduce  longitudes  obtained  from'  day  ob- 
«ervationB  to  noon,  by  allowing  for  the  run  of  the  ship  in  the  interval, 
and  for  known  onrrents. 
Those  fiom  a^bt  obeervationa  are  recorded  f  ot  \i\\e  tVui^  o^  ^«Kt- 
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Ij>om^JKtMMd9  from  Eqoal  Altifcades  at  Baa. 

Wlien  the  son's  meiidian  altitiide  m  over  70~,  the  longitade  of  the 
fliiip  m^  be  deteimined  at  the  same  time  as  the  latitade,  with  si^- 
cient  aoearacf  for  the  ordinaij  poipoees  of  miyigation,  by  obaenrisf 
the  tunes  at  equal  aititades  of  the  soil,  about  five  or  six  minntes  be 
fore  and  after  noon.  Tfae  sum  of  these  times  divided  by  2,  and  cor 
rected  by  the  equation  of  time  appHed  at  to  mean  Ume^  will  give  Um 
time  of  mean  noon  at  ship  as  shown  Xisj  the  watch.  Applying  to  tbii 
time  the  enor  of  the  watch  on  Greenwich,  will  give  Greenwich  turn 
at  the  mean  noon  of  the  ship,  which  is  the  longitude  in  time. 

ExampU.—On  April  5,  1876,  in  lat.  Iiy  account  V  13'  S.,  Ion.  84 
6  W.,  the  following  times  at  equal  altitude  of  the  sun  near  nooi 
were  observed  to  determine  the  longitude : 

H.  x.  a 

Time  a.m 1    1  49 

Time  p.m 1  12  00 


2)2  13  42 

1    6  51 

Equation  of  time  applied  as  to  mean 
time 0    2  82 

Watch  time  of  ship  mean  noon 1    4  19 

Watch  slow  on  Greenwich 4  83  86 


Greenwich  time  at  ship  mean  noon. .  5  87  55=:Ioiig.  84"  28'  45' 

Approximate  Longitude  by  Ohronometar  at  Noon. 

{Somerseales. ) 

Observe  the  snn^s  altitude  about  half  on  hour  before  nooi 
note  the  corresponding  time  by  chronometer.     Then  set  the  st 
to  an  alt\tude  as  much  greater  or  less  than  the  first  altitude 
ship  has  made  difference  of  latitude  in  the  interval. 

The  method  of  applying  is  :  add  the  difference  of  latitude 
^titade  when  the  ship  is  approaching  the  sun,  and  subUnust  i 
9  Bbip  is  j^eoeding  from  tiie  san. 
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Having  the  index  set  to  the  new  altitade,  and  as  the  time  ap- 
proaches the  same  hoar-angle  after  noon  that  it  was  before  noon 
when  the  first  altitade  was  measured,  watch  for  the  oontact,  and 
the  instant  this  takes  place,  note  the  time  by  chronometer  again.  The 
iltitade  is  now  of  no  farther  ase.  The  chronometer  times  alone  are 
lequired.  Add  the  two  times  together,  and  divide  by  2,  to  g^t  the 
middle  time,  and  apply  the  error ;  this  gives  the  Oreenwich  mean 

time  when  the  san  was  on  the  meridian. 
Apply  the  equation  of  time  to  the  Greenwich  mean  time  to  obtain 

^e  Greenwich  apparent  time. 
Under  the  Greenwich  apparent  time  write  down  ship's  apparent 

time  (noon),  and  find  the  longitude  as  usual. 

Example  I. — On  April  19, 1878,  sLip  steering  east  true,  the  altitade 

^f  the  sun  before  noon  was  47"*  0'  when  the  chronometer  showed  3  h. 

^  m.  45  B. ;  and  again  after  noon  the  sun  was  at  the  same  altitude 

^hen  the  chronometer  showed  4  h.  42  m.  5  s.     Chronometer  fast 

^^  in.  52  s.     Bequired  the  longitude  at  noon. 

^OTi. — The  coarse  of  the  ship  being  due  east  in  this  case,  the  sun  will  be  abeam 
^  xioon  ;  and  the  ship  neither  approaching  nor  receding  from  the  sun,  no  alteration 
^  tbe  altitade  is  made. 

H.    Bt.     S. 

Chronometer  times. -j     *]   ao     5 

2)    8    20    50 

4    10    25 
Error 12    52 

Greenwich  mean  time 3    57   33 

Equation  of  time -r         0    57 

Greenwich  apparent  time 3    58    30 

Ship's  apparent  time  (noon) 0     0     0 


3 

58 

30 
3 

11 

55 

30 
5 

Longitude ^^  ^"1   ^^NR 
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Example  II. — May  24th,  in  the  South  Atlantic,  ship  steering  S.E. 
by  S.  9  knots ;  the  altitude  of  the  sun  before  noon  was  64**  W  when 
the  Greenwich  mean  time  was  11  h.  69  m.  34  s.  (sun  bearing  north 
at  noon).  After  an  interval  of  40  m.,  the  sun  was  found  to  be 
approaching  the  same  altitude  again,  and  the  index  was  set  to  an 
altitude  of  64°  45'.  The  sun  came  down  to  this  altitude  when  the 
Greenwich  mean  time  was  0  h.  40  m.  40  s. 

Note. — Run  in  40  m.=6  miles ;  diff.  lat  y  to  sabtract  from  the  1st  altltodu,  be> 
cause  ship  is  sailing  away  from  the  son. 

Greenwich  times j  J^    ^^    %^^' 

2)24    40    14 

Greenwich  mean  time 12    20      7 

Equation  of  time +      3    25 

Greenwich  apparent  time 12    23    32 

Ship^s  apparent  time  (noon) 12      0     0 


0 

23 

32 
3 

1 

10 

36 

5 

Longitude 5    53      0  W. 

With  respect  to  the  amount  of  dependence  which  can  be  placed 
upon  the  longitude  as  found  by  the  foregoing  method,  it  may  be 
stated  as  an  instance  in  point,  that  in  the  first  example  an  error  of 
1'  in  the  altitude  to  be  set  on  the  instrument  (and  an  error  of  this 
amount  might  easily  occur  in  estimating  the  difference  of  latitude 
made  during  the  interval)  would  make  about  4'  error  in  the  longitude. 
This  fact  is  sufficient  to  show  the  rough  nature  of  the  problem. 

The  same  problem  will  sometimes  be  seen  recommer.ded  to  the 
navigator  without  any  caution  as  to  its  uncertainty,  and,  what  Is 
worse f  mth&ut  the  correction  to  tlie  altitude  fcr  the  run  of  the  Mp. 
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It  need  hardly  be  said  that  this  omission  renders  the  problem  quite 
usdless  for  any  purpose  whatever. 

It  would  be  a  great  mistake  to  confound  the  above  problem  with 
a  problem  which  has  a  prominent  place  in  all  works  on  navigation, 
namely,  the  equal  altitude  problem.  Although  they  both  depend 
upon  the  same  principle,  they  have  quite  different  applications ;  and 
"the  real  equal  idtitude  requires  conditions  to  be  fulfilled  (such  as 
'the  ^.hip  not  changing  her  position)  which  prevents  its  being  used 
for  the  ordinary  navigation  of  the  ship. 

Approximate  Latitude  and  Longitude  at  Noon. 

{Sfmerseales.) 

An  altitude  is  obtained  at  about  half  past  eleven,  with  the  corre- 

Bpouding  time  by  chronometer.  The  sun  passes  the  meridian  (suppose 

'^hile  obscured)  and  approaches  the  same  altitude  again,  and  the 

^i^dex  of  the  sextant  is  either  advanced  or  put  back  t  he  amount  of 

^he  difference  of  latitude  made  during  the  interval.   (Adding  the  dif- 

^^renoe  of  latitude  to  the  altitude  when  the  ship  is  approaching  the 

^^n,  and  subtracting  when  the  ship  is  receding  from  the  sun. )  Having 

^^t  the  index  to  the  new  altitude,  watch  for  the  sun  coming  to  this 

^titude,  and  note  the  time  by  chronometer  again. 

Now  proceed  as  follows  : 

Subtract  the  first  time  from  the  second,  and  divide  by  2.  This 
%[iTes  the  hour  angle,  or  time  from  noon  when  each  altitude  is  ob- 
tJained. 

Use  either  the  first  or  second  altitude,  and  the  hour  angle  just 

^oand,  to  obtain  the  latitude  by  the  reduction  to  the  meridian.     (If 

%W8on*s  tables  are  at  hand,  the  latitude  may  be  found  from  them  by 

^pection,  almost.) 

Proceed  to  get  the  longitude  by  the  method  of  equal  altitudes  at  sea. 

Example. — October  17,  1878,  in  the  N.  Atlantic,  tbesun^s  altitude 
before  noon  was  observed  to  be  22 ""  52'  when  the  chronometer  showed 
0  h.  !^  m.  54  B.  After  running  W.S.W.  9  miles,  the  sun  was  ob- 
served to  be  approaching  the  Bame  altitude  again,  and  the  sextant 
was  set  to  23"  65^  (3'  being  the  difference  of  latitude  made  towards 
the  sun).  When  the  sun  attained  this  altitude,  the  chronometer 
showed  1  h.  27  m.  20  8.  Chronometer  fast  2  m.  Vl  ^  ^«v^\>  ^\ 
eye  24  feet     Bequiied  the  latitude  and  longitiide. 
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Latitude  bt  To  wson*  s  Tables. 


Ghronometex. 


IS 


H.  M.   S. 

0  29  54 
27  26 


Hour  angle, 


True  declination. . . 
Augmentation 

Augmented  decl .... 


2)  57  82 
28  46 


9  20  S. 

4 


9  24S. 


o     / 


2d  obs.  altitude. 
Correction 


22  55  S. 
9 


True  altitude. . 
Augmentation. 


Zenith  distance. 
Declination .... 


23    4 
11 

23  15 
90 

66  45  N. 
9  24S. 


LONOITUDB   BY  ChBONOMETEB.    « 


Chronometer, 


1 


0  29  54 

1  27  26 


Error  fast . 


2)  1  57  20 

0  58  40 
2  12 


Green'ch  mean  time     0  56  28 
Equation  of  time. . .  4-     14  36 


Greenwich  app.  time  1  11    4 
Ship's  app.  time. ...   0    0    0 


1  11    4 
3 

3  33  12 
5 


Longitude..  17  46     OW.— ' 


Latitude..      57  21  N. 

It  will  be  observed  that  we  have  worked  with  the  second  altitude 
in  finding  the  latitude,  which  is,  therefore,  strictly  speaking,  the 
latitude  at  28  minutes  past  noon— the  time  when  the  altitude  was 
taken. 

The  low  altitude,  and  consequently  slow  rise  of  the  sun  near  noon, 

would  be  very  much  against  getting  a  good  observation  for  time  in 

the  above  case.     The  latitude  will  always  be  more  correct  than  the 

Jongitndej  and  the  longitude  wi\i  \>d  be^^Xt^t  ixiVo^  than  in  high  lati* 

tudea. 
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Zaongitade  from  Observations  at  Sonrise  or  Sunset. 

It  frequently  happens  that  the  sun  is  yisible  for  a  short  time  after 
risii^  or  before  setting,  although  obscured  for  the  remainder  of  tha 
day,  thus  affording  the  navigator  an  opportunity  of  obtaiuiDg  the 
true  time,  from  which  he  may  ascertain  tiie  longitude. 

The  altitude  taken  from  the  following  table,  according  to  the 
lieight  of  the  eye,  corrected  inversely  for  the  index  error,  is  to  be 
placed  upon  the  sextant;  the  observer  should  watch  the  rising  or 
setting  sun  until  the  altitude  is  on,  and  then  note  the  time  by  chro- 
nometer. The  upper  limb  is  to  be  preferred.  If  there  are  two  ob- 
servers, the  second  might  at  the  same  time  take  the  lower  limb : 


Snn^s 

Height  of  eye,  13  feet. 

Height  of  eye,  21  feet. 

Altlttide  of 
upper  limb. 

Altitude  of 
lower  limb. 

Altitude  of 
upper  limb. 

Altitude  of 
lower  limb. 

15  45 

15  60 

16  66 
16  00 
16    5 
16  10 
16  15 

46  65 
46  00 
46    5 
46    » 
46  13 
46  17 
46  20 

/    // 

18  20 
18  15 
18  10 
18    6 
18    3 
17  59 
17  55 

46  55 

46  59 

47  2 
47    6 
47  10 
47  15 
47  20 

/    // 

19  20 
19  15 
19  10 
19    5 
19  00 
18  55 
18  50 

BlTLE. — To  the  log.  tan.  of  the  latitude,  add  the  log.  tan.  of  the 
van's  declinaticm,  and  the  sum,  rejecting  10  from  the  index,  will  be 
the  log.  sin.  of  an  arc,  which  take  from  the  tables  in  time.  If  the 
latitude  and  declination  are  of  the  same  name,  add  time  to  6  hours 
at  sunset,  and  subtract  it  at  sunrise. 

If  the  latitude  and  declination  are  of  different  names,  add  the 
time  found  to  6  hours  at  sunrise  and  subtract  it  at  sunset. 

To  the  time  so  found  apply  the  equation  of  time^  «iii^V)iv.^  x^^x)^ 
will  be  ship's  meaa  time, 
16 
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Exampfe.— August  31,  1880,  in  latitude  18"*  43'  S.,  the  son  set  at 
3  h.  21  m.  8  R.  Greenwich  mean  time,  required  the  longitude : 

Declination 8  45  N.  Log.  tan 9.1873 

Latitude 18  43  S.  Log.  Ian 9.5300 


H.  M. 

a 

0  11 

58 

G  00  00 

Log.  Bin....  8.7173 


5  48  02 
Equation  of  time 19 

Local  mean  time 5  48  21 

Gi-eenwich  meantime. ...  3  21  08 

Longitude  in  time 2  27  13=30"  48'  15"  E. 

X.6. — This  method  should  be  used  only  between  the  parallels  of 
40°  X.  and  40"  S. 


Another  Method  of  Finding  the  Longitude  at  Sonset. 

{Samerscales.) 

This  is  to  be  considered  as  a  makeshift  rather  than  a  legitimate 
method  of  finding  the  longitude.  It  has  some  advantages  over  the 
ordinary  chronometer  sight,  but  has  the  radical  defect  of  being  less 
trustworthy  than  the  altitude  on  the  prime  vertical  When  the  alti- 
tude of  the  sun  Lear  the  prime  verticiEd  can  be  obtained,  no  prudent 
navigator  will  neglect  it  for  the  sake  of  an  approximate  method. 
Under  some  circumstances,  however,  it  may  happen  that  an  approx- 
imation  to  the  position  of  the  ship  is  all  that  is  possible,  and  the 
choice  is  then  between  these  observations  and  none  at  all. 

Note  the  exact  time  by  chronometer  when  the  sun*s  lower  limb 
toucbea  the  horizon^  either  at  sunrise  or  sunset.  A  sextant  teleecope 
with  a  suitable  screen  may  be  used  to  obai^tv^  '«\\)h. 
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The  observation  is  then  worked  out  very  much  the  same  as  an 
oxrdinary  chronometer  eight.     The  altitude  (or  rather  the  depression 

for  the  refraction  causes  the  son  to  appear  as  setting  when  he  is 

reaJIy  below  the  horizon)  is  taken  as  a  constant  quantity  in  all  cases, 
XLSkxnely,  2V,  and  the  only  difference  in  the  rule  is  to  chang^e  the 
iia.iiies  of  the  last  two  logarithms,  these  are :  sine  of  the  half  sum, 
and  cosine  of  the  remainder,  instead  of  the  usual  cosine  and  sine. 
T'lie  following  example  will  illustrate  this  : 

August  16,  1878,  ship  in  latitude  49"  10'  N.,  when  making  the 
^E^g^lish  Channel  the  sun's  lower  limb  touched  the  horizon,  when 
setting,  when  the  time  by  chronometer  was  7  h.  36  m.  22  s.  (slow  5  m. 
O  a.  ).     Required  the  longitude  at  sunset. 

H.  M.    S. 

Chronometer 7  36  22 

Slow 5    0 


Greenwich  mean 

time 

. .  7  41  42 

O               1 

l>eci 13  43  N. 

6 

Diff.     47 
8 

M. 

Equ.  T.     4 

S                             8. 

6         Diff.  .51 
4                      8 

'^J^edecl..  13  37 

60  )  376 

4 

2                408 

^^lar  dist. .  76  23  6-16  to  add 


Depression 0  21 

Latitude. 49  10  Sec. . .   10.1845 

Polar  distance 76  23  Cosec.    10.0124 


2 )  125  54 


62  57  Sin...   9.9497 


Remainder. 62  36  Cos. . . .  9.6629 


Ship's  apparent!  time,  7 h.  7  m,  25  a.  Log ^  .^^^ 
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Ship^B  apparent  time 7    7  25 

Equation  of  time 4-       4    3 


Ship's  mean  time 7  11  27 

Greenwich  mean  time 7  41  23 


0  29  55 

3 

1  29  45 

5 


Longitude. 7  28  45  W. 

REMARKS  ON  SUMNER'S  METHOD. 

It  is  hardly  too  much  to  say  that  this  is  one  of  the  most  valnablo 
methods  ever  discovered  for  determining  a  ship's  position  at  sea; 
the  computation  required  being  merely  a  small  extension  of  the 
every  day  work  in  navigation. 

Sumner's  method  involves  finding,  by  means  of  an  observed  alti- 
tude of  a  heavenly  body  and  two  assumed  latitudes,  two  longitudes 
by  chronometer,  the  line  on  the  chart  joining  the  two  points  so  ob- 
tained, being  called  tire  line  of  position. 

A  second  observed  altitude,  separated  from  the  first  by  a  suitable 
difference  of  bearing,  gives  by  similar  treatment  another  line  of  posi- 
tion, the  intersection  of  which  with  the  first  line  of  position  pro- 
jected for  the  run  of  the  ship  in  the  interval  (that  is,  moved  parallel 
to  itself  along  the  course,  and  to  the  distance  mside  good  by  the 
ship),  determines  the  place  of  the  ship  at  the  second  observation. 
The  line  of  position  can,  however,  be  obtained  from  ane  assumed 
latitude  if  the  true  bearing  of  the  sun  or  celestial  object  obserred 
be  known,  for  the  direction  of  the  line  of  position  differs  90°  from 
the  direction  or  bearing  of  the  object. 

Burdwood's  and  Davis's  tables  of  sun's  true  bearing  or  azimuth 
supply  the  true  bearing  of  auy  celestial  object  whose  declination 
does  not  exceed  23°.  By  means  of  these  tables,  the  computation  of 
a  **  Sumner  "  is  shortened  by  one-\iaAi. 
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The  line  of  posiliion  at  first  observation  should  be  drawn  as  soon 
OJ3  the  observations  are  taken  and  worked  out,  and,  as  the  ship  is 
somewhere  on  this  line,  the  bearing^  of  any  land  or  object  it  may  pass 
tiiurough  is  at  once  determined ;  a  single  observation  yielding  snch  a 
llxxe  of  position  may,  therefore,,  become  very  valuable. 

^When  the  coast  trends  parallel  to  the  line  of  position,  the  distxince 
o:f  the  ship  from  the  shore  is  ascertained,  although  her  absolute  posi- 
tilon  is  undetermined. 

Again,  a  line  of  position  and  a  cast  of  the  lead,  when  on  sound- 
ixxgs,  will  give  the  ship's  position. 

The  difference  of  bearings  should  not  be  less  than  30^  nor  g^reater 
t^lx-m  150^,  for  should  the  Imes  of  position  cut  too  acutely,  the  errors 
^^^  observation  will  be  considerably  magnified. 

JLa  error  in  the  chronometer  places  the  line  of  position  too  far 
^^«t  or  t30  far  west,  but  does  not  alter  its  direction. 

jLa  error  in  the  altitude  will  move  the  line  of  position  nearer  or 
^sxiiiher  from  the  celestial  object,  bub  will  not  alter  its  direction. 

JL  line  of  position  obtained  in  the  forenoon  is  often  used,  in  con- 
^^ction  with  the  latitude  circle  obtained  by  meridian  altitude,  to 
^^termine  the  position  of  the  ship. 
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Observing  Altitudes. — The  observer  will  do  well  ti  accustom 
himself  to  obtain  a  single  sight  with  accuracy,  and  not  to  depend 
^pon  the  aooidental  compensation  of  errors  due  to  want  of  care. 

The  instrument  must  be  vibrated  so  that  the  image  may  skim  the   . 
liorizon,  in  order  to  measure  the  altitude  from  the  point  vertically 
Under  the  body. 

The  apparent  place  of  the  sea  horizon  differs  with  different  tem> 
peratnres  of  the  sea  and  air.  When  the  sea  is  warmer  than  the  air, 
the  horizon  appears  below  its  mean  place,  as  that  at  which  it  is  seen 
when  the  air  and  water  are  of  the  same  temperature,  and  the  dip 
taken  from,  the  tables  is  too  small ;  when  the  sea  is  colder  than  the 
air,  the  horizon  appears  above  its  mean  place,  and  then  the  tabular 
dip  ia  too  great. 

These  facto  being  known,  where  great  accuxac^  \&  y^q^vk^^^ca 
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following  precautions  shoald  be  taken :  When  the  altitade  of  a  hea 
enly  body  is  above  60"  it  may  be  observed  with  the  sextant,  bot 
from  the  opposite  point  of  the  horizon  and  from  that  nnder  it.    H 
the  difference  of  the  two  readings  is  the  apparent  zenith  distance 
the  centre.     By  this  means  the  dip  and  its  uncertainties,  togeth 
with  the  index  error,  is  removed. 

When  both  the  altitade  and  its  supplement  are  thus  measnri 
and  the  altitude  is  in  a  state  of  change,  the  time  must  be  noted  a' 
each  observation,  and  the  resulting  zenith  distance  will  correspon 
to  the  mean  of  the  times. 

When  the  altitude  of  the  body  is  near  90°  it  is  well  to  ascertain 
by  reference  to  the   zenith  or  the  compass,  the  precise  point  oved 
which  the  body  is  vertical. 

When  fog  obscures  the  horizon  from  the  deck,  a  new  horizon  ma; 
often  be  obtained  by  descending  the  ship's  side,  or  from  a  boat. 

When  the  sun^s  limbs  are  indistinct,  altitudes  of  the  centre  ma; 
be  obtained  by  bisecting  the  hazy  disk  upon  the  horizon. 

When  the  sky  under  the  moon  is  unclouded,  the  upper  edge  of  th^ 
illuminated  part  of  the  sea  is  the  horizon ;  but  at  other  times  dar] 
shadows  are  projected  on  the  water,  which  render  it  difficult  to  dis- 
cern the  horizon. 

When  the  raoon*s  altitude  and  its  supplement  are  both  measured, 
her  altitude  may  be  observed  as  directed  in  the  case  of  the  sun. 
But  in  other  cases  the  same  limb  must  be  referred  to  the  point  of 
the  horizon  under  her  and  to  that  opposite ;  half  the  difference  is 
then  the  apparent  zenith  distance  of  the  limb  observed,  and  the 
semi-diameter  must  be  applied  accordingly. 

When  the  horizon  under  the  moon  is  unfavorable  for  observation, 
and  the  supplement  of  the  altitude  is  alone  employed,  correct  the 
angle  obaevTied  for  index  error  and  dip,  take  the  suppUment  of  the 
result,  and  apply  the  semi-diameter  as  to  the  altitude  seen  directly. 

The  obscurity  of  the  sea  horizon  often  renders  it  difficult  to  ob-* 
tain  the  altitudes  of  stars  or  planets ;  but  in  the  twilight,  when  the 
sky  is  clear,  the  horizon  is  generally  well-defined. 

When  the  altitude  of  a  star  or  planet  is  measured  both  from  the 
horizon  under  it  and  opposite  to  it,  half  the  difference  of  the  two 
angles  is  the  apparent  zenith  distance.  If  the  supplementary  arc 
alone  is  used,  correct  it  for  index  error  and  dip ;  the  supplement  of 
the  reaalt  is  the  apparent  altitude. 


Sbc.  IV.  TAKING  OBSERVATIONS  AT  SEA.  247 

When  a  telescope  is  nsed,  the  unemployed  eye  must  be  closed ;  but 
\vheii  the  plain  tnbe  is  used  it  should  be  kept  open,  because  the 
ima^e  being  seen  by  both  eyes  under  the  same  magnitude,  one  assists 
the  other. 

The  running  op  the  waves  causes  the  horizon  to  be  in  contin- 
ual motion ;  while  the  rise  and  fall  of  the  observer,  both  from  the 
lif  ting  of  the  ship  by  the  waves  and  her  rolling,  causes  the  dip  to  be 
Bontinually  changing.  For  this  reason  a  mean  of  three  or  five  sights 
should  always  be  taken  in  rough  weather,  or  in  a  small  vessel.  If 
the  altitude  be  observed  above  the  deck,  as  m  the  top,  for  in- 
stance, the  horizon  will  appear  better  defined,  and  the  variations  of 
the  dip  caused  by  the  ship^s  motion  will  be  less  sensible ;  likewise 
the  difference  of  the  temperature  of  the  sea  and  the  air  appears  to 
&ffect  the  place  of  the  sea  horizon  less,  as  the  observer  is  more  ele- 
vated. 

From  numerous  observations  made  upon  the  heights,  distances, 
&nd  velocities  of  waves,  the  heights  are  found  to  vary  from  14  to 
36  feet.  The  distance  from  crest  to  crest  of  such  waves  is  from  150 
^bo  350  feet,  while  their  velocity  appears  to  vary  between  15  and  20 
nautical  miles  per  hour. 

When  the  observer  nears  or  recedes  from  the  celestial  body,  by 
the  progress  of  the  vessel,  the  effecb  produced  on  the  altitude  is  the 
same  as  that  of  a  motion  in  the  body  itself.     Accordingly,  in  all  ob- 
servations in  which,  from  the  sensible  change  of  altitude,  the  time 
requires  to  be  noted  at  each  observation,  the  progress  of  the  ship  is 
included  in  the  observed  change  of  altitude ;  and  the  place  to  which 
the  observation  corresponds  is  that  at  which  the  ship  was  at  the 
mean  of  the  times. 

Shore  Hobizon. — ^It  sometimes  happens  that  the  horizon  is  con- 
cealed by  the  intervention  of  land,  while  the  level  surface  of  the 
water  marks  on  the  shore  a  distinct  horizontal  line,  which  may  be 
used  as  a  substitute  for  the  sea  horizon,  and  is  known  as  the  shore 
horizon.  When  its  distance  is  not  known,  it  may  be  found  by  means 
of  two  altitudes — the  one  being  observed  from  the  deck,  and  the 
other  from  aloft — at  the  same  time. 

BuiiB. — Divide  the  difference  of  the  heights  in  teet^  b-j  \»Vi^  -ajMsv- 
ber  of  minutes ia  the  difference  of  the  altitudes',  \»\iQ  c^o\K«£v\»Sa»*CckRk 
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nnmber  of  feet  subtending  an  angle  of  1'  at  that  distance.     Ente 
the  following  table  with  the  number  of  feet,  and  the  correspondi 
distance  is  that  required  : 


Number  of  Feet  Subtending 

an  Angle  of  1^. 

Miles. 

Feet. 

.  Miles. 

Feet. 

Miles. 

Feet. 

1 
Mileo. 

Feet. 

1 

1.77 

9 

1 
15.92 

17 

80.07 

26 

44.23 

2 

3.54 

10 

17.69  , 

18 

81.84 

d6 

46.C0 

3 

5.31 

11 

19.46 

19 

88.61 

27 

47.76 

4 

7.08              12 

21.23 

20 

85.88 

28 

49.63 

5 

8.84 

13 

23.  UO 

21 

87.15 

29 

61.80 

0 

1C.61 

14 

24.77 

22 

88.92 

80 

68.07 

I 

12.38      ,15      ;      26.53 

i      23 

40.69 

81 

64.88 

8 

14.15              16      1      28.30 

1 

!    2^ 

42.46 

82 

56.60 

When  the  distance  of  the  shore  horizon  is  known,  enter  the  fol- 
lowing table  with  this  distance  and  the  height  of  the  eye,  and  use 
the  correction  instead  of  the  dip  ordinarily  applied  : 

Dip  of  the  Shore  Horizon. 


Distance 

in 

niilt'K, 


1 

2 

2X 
3 

3><< 
4 

5 


Height  of  eye  in  feet. 


6 
3 
3 
2 
2 


10 

15 

20 

25 

80 

/ 

/ 

/ 

/ 

/ 

12 

17 

23 

28 

34 

(> 

9 

12 

15 

17 

4 

6 

8 

10 

12 

4 

5 

7 

8 

9 

3 

4 

6 

7 

8 

3 

4 

5 

6 

7 

3 

4 

5 

6 

6 

3 

4 

5 

5 

6 

•— " 

4 

4 

6 

6 

85 


/ 

40 

20 

14 

11 

9 

8 

7 

7 

6 


Example, — An  observer  at  the  height  of  89  feet  above  the  sea,  ob- 
served  the  sun's  altitude  41°  3T'  above  tke  Ehore  horizon  ;  another 
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observer  at  the  height  of  20  feet,  observed  it  41''  25^ :  find  the  dis- 
tance of  the  water-line,  and  correct  the  altitude  for  dip. 

The  difference  of  the  heights,  69  feet,  divided  by  12,  the  difference 
of  the  altitades  in  minutes,  gives  5.7  feet,  which  answers  in  the 
table  to  3  miles,  the  distance  required.  The  correction  in  the  table, 
dip  of  shore  horizon,  to  3  miles,  and  height,  20  feet,  is  5',  which,  Rub- 
traeted  from  the  altitude  taken  at  20  feet,  gives  41°  20',  the  altitude 
corrected  for  dip. 

Redaction  of  an  Altitude  to  Another  Place  of  Observation. — 
The  run  of  the  ship  in  the  interval  between  the  taking  of  the  two 
altitudes  which  constitute  certain  observations,  renders  it  necessary 
to  reduce  one  to  the  place  of  the  other. 

When  the  ship  approaches  the  sun  directly,  she  raises  it  V  for 
each  mile  of  distance  made  good ;  and  likewise  when  the  ship  recedes 
from  the  sun,  she  drops  it  the  same  amount. 

To  Reduce  the  1st  Altitude  to  the  Second  Place  op 
Observation. — Take  the  difference  between  the  bearing  of  the 
body  at  the  first  observation  and  the  ship's  course,  made  good,  with 
which,  as  a  course,  enter  the  transverse  table,  and  take  out  the  dif- 
ference of  latitude  corresponding  to  the  distance  run  between  the 
observations.  This  1b  the  correction  for  run.  Add  this  to  the  first 
altitude  if  the  number  of  points  between  the  sun's  bearing  and  the 
8hip*s  course  be  less  than  eight ;  but  subtract  it  if  the  number  of 
points  be  more  than  eight ;  the  result  is  the  altitude  reduced  to 
what  it  would  have  been  if  observed  at  the  same  place  where  the 
second  was. 

To  Reduce  the  2d  Altitude  to  the  First  Place  of  Ob- 
servation.— Take  the  bearing  at  the  second  observation  ;  find  the 
reduction  of  the  altitude  as  above,  and  apply  it  to  the  2d  altitude 
the  contrary  way  to  that  directed  in  the  case  of  the  1st  altitude. 

Observing  Altitudes  on  Shore. 

Altitudes  may  be  observed  on  shore,  above  the  sea  horizon,  from 
a  hill  of  known  height,  or  by  the  assistance  of  the  artificial  horizon. 

Artificial  Horizon. — ^In  using  the  artificial  horizon,  care  mast  be 
taken  in  pouring  out  the  quickdlver.  Place  the  finger  over  the  ori' 
fioe  of  the  bottle,  and  invert  it  over  the  trough,  which  must  be  pre- 
viously well  cleaned.     Give  the  bottle  a  shake,  t^ieu  qqa^  \»Vi^  ^!X)>i^V 
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and  allow  the  mercury  t3  flow  slowly,  holding  the  bottle  steady,  an 
being  careful  to  close  the  opening  before  the  last  portion,  with  th< 
dross,  appears.     If  carefully  done,  a  brilliant  surface  will  be  pro 
duced.     In  placing  the  artificial  horizon,  see  that  the  shadow 
thrown  directly  behind  it,  and  not  on  either  side.     If  obseryation 
are  taken  on  one  side  of  the  meridian  only,  it  is  advisable  to  reveri 
the  roof  in  obtaining  them,  but  with  obseryations  on  both  sides  oir^ 
the  meridian,  the  same  glass  should  be  always  toward  the  observer, 
A  mark  should  be  placed  on  the  glass,  or  on  the  framewoik,  to  in- 
sure this  precaution  being  carried  out. 

The  spot  chosen  for  observation   should  be  sheltered  from  ih 
wind,  and,  to  be  free  from  vibration,  removed  from  traffic. 

In  taking  altitudes  of  the  lower  limb  in  the  mercury,  the  loid 
limb  of  the  object  is  made  to  touch  the  upper  limb  of  the  image 
the  horizon,  as  reflection  inverts  the  object. 

In  takino:  the  altitude  of  the  upper  limb,  the  image  of  the  body  i 
brought  below  the  quicksilver  image  altogether.      Therefore, 
the  sun  is  rising,  and  the  lower  limb  is  observed,  the  images 
continually  separating  ;  but  when  the  upper  limb  is  observed,  the; 
are  continually  overlapping^  and  the  reverse  when  the  sun  is  falling. 

It  is  recommended  to  attend  to  this,  as  it  is  often  doubtful,  espe- 
cially with  the  inverting  telescope,  which  limb  has  been  observed. 

Night  Observations. — Obtaining  latitudes  at  night  with  the  arti- 
ficial horizon  requires  practice.  See  it  placed  in  the  true  meridian 
before  the  observations  are  commenced.  The  approximate  mean 
times  of  the  meridian  passages  of  the  stars  to  be  used  should  be 
computed  from  the  *'  Nautical  Almanac  ;  "  the  error  on  mean  time 
of  the  watch  in  use  should  then  be  applied  to  them.  These  times  of 
meridian  passage,  as  slixncn  by  the  watch  in  use,  may  be  entered  in 
the  sight-book  as  a  guide  to  the  observer,  together  with  the  approxi- 
mate meridian  altitudes. 

The  stars  selected  should  be  of  convenient  altitudes,  neither  too 
high  nor  too  low.  Care  should  be  taken  to  find  the  reflected  image 
in  the  mercury  some  little  time  before  it  comes  on  the  meridian. 

In  observing  stars  north  and  south  of  the  zenith,  for  latitude,  care 

should  be  taken  to  pair  those  of  about  the  same  altitude  ;  therefore, 

in  the  Northern  Hemisphere  the  best  south  stars  to  pair  with  Polaris 

are  those  whose  meridian  altitudes  are  nearly  the  same  as  the  lati- 

tade  of  the  place. 
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Similaily,  in  taking  Innars,  stars  lying  at  about  equal  distances 
^ast  and  west  of  the  moon  should  be  selected. 

A  sailor  should  be  trained  to  hold  the  lantern  by  which  the  obser- 
"Vations  must  first  be  noted  by  the  watch,  and  then  read  from  the 
•extant  in  such  a  manner  that,  while  the  assistant  who  is  taking 
time  can  see  the  watch,  no  light  is  thrown  toward  the  artificial 
Iiorizon.  On  the  time  being  secured,  the  light  is  taken  to  the  obser- 
yer  with  the  sextant.  The  roof  of  the  horizon  may  require  wiping 
occasionally,  on  account  of  the  dew. 

Observing  without  Assistants. — When  the  observer  takes  the 
whole  observation  himself,  he  can  estimate  his  results  at  their  real 
value,  of  which  he  can  be  no  judge  when  they  are  taken  by  other 
persona 

When  the  observer  takes  his  own  time,  he  may  hold  the  watch  in 
his  hand,  or  place  it  where  he  can  obtain  sight  of  it  readily,  or  where 
he  can  hear  it  tick  plainly. 

In  the  latter  case,  the  first  beat  after  the  instant  of  contact  he 
counts  1,  the  next  2,  etc.  ;  then,  looking  at  the  watch,  he  counts  on 
till  the  second  hand  arrives  at  a  marked  number  of  seconds,  as  15, 
2J,  etc.  ;  he  then  writes  down  these  seconds,  and  after  them  the 
number  of  beats  counted,  to  be  subtracted. 

The  altitude  is  then  read  off  and  recorded.  Most  watches  beat 
five  times  in  2  sec,  or  each  beat  =0.4  sec.  The  sum  of  the  beats 
should  be  deducted  before  the  mean  of  the  times  is  obtained. 

EhBO/mple. — ^After  contact,  14  beats  are  counted ;  the  second 
hand  is  then  at  30  sec. ,  tho  minute  42,  and  the  hour  10,  and  so  on, 
as  follows: 

H.    M.    a  BEATS. 

10  42  30  subtract  14 
10  44  10  ''  32 
10  46  00      '^  11 


132  40  57=22.8  sec. 

22.8 


3)  132  17.2 
Nlean 10  U    5.7 
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OARB  OF  OHRONOMBTBR& 

{8hadwdl  and  Bedford.) 

When  cbronometeni  are  reoeiyed  on  boaid  ship,  it  is  of  importaii' 
that  they  should  be  at  once  stowed  away  in  the  place  pxepkred  f  ^^ 
them ;  and  when  once  saitably  located  they  shoald  on  no  aooon^^^ 
be  subjected  to  removal  or  displacement.  , 

The  chronometers  should  be  placed  low  down  in  the  ship  (boC^^ 
because  there  is  less  motion,  and  because  the  temperature  is  mo^^-^^ 
equable)  amidships ;  as  far  from  the  extremities,  and  as  near  tltf^^^ 
centre  of  gravity  as  convenient :  not  near  the  dhain-cablefl,  or  oth^^^ 
large  masses  of  iron,  so  as  to  insure  teedom  from  tiie  disl nrbanis-^— "'^ 
of  magnetic  influence  ;  and  not  in  drawers,  as  the  tremor  caoaed  b^-  ^ 
opening  and  shutting  acts  injuriously  on  their  balances. 

The  best  mode  of  stowing  them  is  as  follows :   a  box,  divided  inf 
as  many  partitions  as  there  are  chronometers  to  be  stowed,  ahonl* 
be  securely  attached  by  screws  to  a  solid  block  of  wood,  about   ~  ~ 
inches  iu  height,  and  firmly  bolted  to  the  beams  of  the  deck  below. 

Each  partition  should,  in  depth,  be  about  equal  so  that  of  tiii —    ^ 
largest  box  of  the  chronometers  to  be  stowed  away,  and  in  h    _ 
and  breadth  about  two  inches  larger  than  the  sides  of  the  box  it 
intended  to  secure.     Great  care  should  be  taken  that  the  block  an< 
box  thus  prepared  should  be  entirely  detached  from  all  contact  wil 
contiguous  stanchions  or  bulkheads  ;  both  block  and  box,  moreover, 
should  be  surrounded  with  a  strong  external  casing,  the  sides 
lid  of  which  should  on  no  account  be  permitted  to  touch  it, 
clear  space  of  at  least  two  inches  being  left  all  round.     Previous 
placing  the  boxes  containing  the  chronometers  within  the  partitions 
appropriated  for  them,  it  will  generally  be  found  convenient  to  un- 
screw and  altogether  detach  their  lids ;  because,  if  this  be  not  done, 
when  open  they  occupy  much  more  room,  and  will  require  the  parti- 
tioned spaces  for  their  reception  to  be  made  inconveniently  large. 

Each  chronometer  in  its  box  thus  prepared,  -and  moving  freely  in 
its  gimbals,  is  then  to  be  placed  in  the  space  allotted  to  it  on  a  bed 
of  dry  sawdust,  horsehair,  or  cotton,  about  three  inches  thick — the 
spaces  around  the  sides  of  each  box  being  stuffed  with  the  same 
material  to  within  half  an  inch  of  the  top  of  the  box.  Of  the  three 
"fibstancea  named  above,  dry  aawduat  \a  ^xeiettftd. 
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The  marks  on  the  dial-plate  of  the  chronometerB  should  all  occupy 
the  same  relative  positions :  that  is,  the  line  joining  the  XII.  and  YI. 
hoar  marks  should  all  be  parallel  to  one  another,  both  for  the  sake 
of  the  convenience  of  comparison,  and  in  order  that,  retaining  the 
same  invariable  position  with  refereuce  to  the  fore  and  aft  line  of 
the  ship,  they  may  be  similarly  affected  by  the  local  magnetic  attrac- 
tion of  the  ship's  iron,  and  that  in  cases  where  the  balances  of  the 
chronometers  have  accidentally  acquired  any  degree  of  polarity, 
their  mutual  influences  on  each  other  may  be  reciprocal. 

Generally  speaking,  it  is  not  the  custom  to  receive  the  chrono- 
meters  on  board  the  ship  until  a  few  days  before  leaving  the  harbor, 
the  time  of  the  officers  who  will  subsequently  be  charged  with  the 
duty  of  superintending  their  performances  being  at  that  period  much 
ocoapiei  with  other  important  matters  connected  with  the  equip- 
ment  of  the  ship ;  bat,  as  from  the  influences  of  the  new  circum- 
stances under  which  the  chronometers  are  placed,  the  effects  of 
motion  in  removing  them,  change  of  temperature,  and  possible  action 
of  ma^netio  causes,  their  rates,  after  a  while,  may  differ  from  their 
{ffevioos  rat3S  on  shore,  it  is  very  advisable,  when  practicable,  that 
they  should  be  received  on  board  at  an  earlier  period,  so  that  they 
may  become  naturalized  in  their  new  position,  and  may  have  settled 
down  to  a  stability  of  rate  under  their  new  conditions  before  the 
ship  is  called  on  to  proceed  to  sea. 

The  chronometers  having  been  received  on  board  and  stowed  away, 
in  the  manner  above  described,  in  the  place  appropriated  for  their 
reception,  it  is  of  importance  at  once  to  commence  and  adopt  an 
uniform  and  systematic  manner  of  winding  them  up,  and  comparing 
them  daily  with  one  another.  Methodical  arrangements  in  these 
particulars  favor  the  stability  of  rate  of  the  chronometers,  assist  in 
the  detection  of  irregularities,  and  diminish  the  probabilities  of  their 
being  aooidentally  allowed  to  run  down ;  while,  in  the  reduction  of 
ohronometrio  observations  for  the  determination  of  meridian  dis- 
tances, systematic  plans  of  comparison  are  indispensable  to  accuracy 
of  computation. 

As  a  rale,  8  A.M.  is  a  time  conveniently  adapted  to  this  duty,  and 
consistent  with  the  arrangements  of  a  man-of-war. 

The  chronometers  should  be  wound  first  and  compared  afterwards, 
la  winding  them,  they  should  be  habitually  attended  to  in  the  same 
order  from  day  to  day,  one  by  one^  as  they  lie  in  their  places^  so 
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that  the  mechanical  habits  of  regularity  in  this  parLicular  may         ^ 
a  safe^ard  against  the  caprice  of  memory,  or  accidental  distracti- 
f  rom  any  disturbing  cause.    From  want  of  system  in  this  partici 
we  have  known  instances  where  the  attention  of  the  ofiacer  engac 
in  this  duty  being  accideiitally  distracted  during  its  performan( 
the  chronometers  have  been  compared,  but  some  or  all  of  them  n. 
wound  up,  that  operation  being  forgotten,  and  the  omission  not 
tected  till  the  chronometer  ran  down.    In  winding  up  chronomcter^^—^i 
the  turns  of  the  key  should  always  be  counted,  and  the  last  tu' 
made  gently  and  carefully,  untU  it  isfdt  to  butt 

In  winding  up  box- chronometers,  the  chronometer  should  be 
verted  carefully  in  its  gimbals,  held  firmly  in  the  left  hand,  and  tl 
key  i)ressed  home  with  the  right ;  after  the  operation  is  perf orme- 
and  the  key  withdrawn,  care  should  be  taken  that  the  keyhole 
again  covered  with  the  slider  to  secure  it  from  dust  or  damp, 
then  the  chronometer  should  be  gently  eased  doton  into  its  natur- 
position  without  violence  or  jerk. 

In  winding  up  pocket -chronometers,  the  watch  should  be  hi 
firmly  in  the  left  hand,  with  the  wrist  pressed  gently  against  tL^^^. 
breast ;  the  key  should  be  turned  equably  and  steadily  with  the  righ^^^^ 
care  being  taken  to  avoid  giving  the  watch  any  circular  motion  upo.       ^ 
the  key.    The  vicious  practice  of  turning  the  left  as  well  as  the  rigl 
hand  is  injurious,  for  two  reasons  :  first,  because  the  circular  motioi 
affects  the  regularity  of  the  balance  ;  and  secondly,  because  thi 
compound  motion  of  the  hands  doubles  the  velocity  of  winding,  anc 
increases  the  chances  of  straining  or  snapping  the  spring  from  th^^^ 
jerk  at  the  conclusion  of  the  operation. 

Chronometers  should  be  wound  daily^  whether  constructed  to  rui 
for  one  or  two  days  ;  eight- day  chronometers  once  a  week — say  one- 
Sunday,  a  day  easily  remembered.     If  the  number  of  chronometer^ 
is  large,  the  precaution  should  be  taken  of  examining  them  after 
winding,  by  looking  at  the  winding-index  on  the  dial-plate. 

The  chronometers  having  been  all  wound,  they  i^ould  next  be 
compared.  To  facilitate  their  systematic  comparison,  and  to  or- 
ganize the  reduction  of  chronometric  observations,  it  is  customary 
to  select  one  chronometer  as  a  sta7id'ird^  to  which  all  observations 
for  the  determination  of  the  time  are  in  the  first  instance  referred ; 
the  indications  of  the  other  chronometers  at  the  same  moment  being 
Bubseqnently  obtained  by  means  ot  t\ift  %oTK^«riaCTaa, 
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The  chronometer  selected  to  perforin  the  duty  of  the  *'  standard  " 
fihonld  occupy  a  central  position  among  the  chronometers,  for  facil- 
ity of  comparison.  Ic  should  be  of  first- rate  character,  and  by  a 
maker  of  established  repute.  It  will  be  convenient  that  it  should 
We  a  clear  and  distinct  beat ;  also  that  its  dial  plate  be  well 
marked,  and  it  is  advisable  that  its  rate  should  be  small.  Stability  of 
rate,  however,  is  more  important  than  the  smallness  of  its  amouut. 

It  is  desirable,  when  practicable,  that  the  comparisons  of  the 
chronometers  with  the  standard  should  all  be  made  by  one  person. 
The  effects  of  personal  equation  are  thereby  much  simplihed,  and 
the  chances  of  small  contingent  errors  materially  diminished. 

The  navigator  should  never  be  content  to  u»e  the  rates  Lc  may 
receive  with  the  chronometers  on  their  leaving  the  shore,  when  they 
^  *^not  naturalized  in  their  new  positions."  Pressure  of  business 
may  necessitate  the  use,  for  a  time,  of  the  observatory  rate,  but  the 
earliest  opportunity  should  be  taken  to  get  a  new  rate,  and  the  per- 
formance of  these  delicate  instruments  should  be  closely  watched. 

It  is  advisable  that  the  rate  of  a  chronometer  should  not  depend 
on  observations  made  at  an  interval  of  less  than  Jive,  or  more  than 
ten  days.  Seven  days  will  be  found  a  good  average  interval,  and  in 
the  case  of  eight-day  chronometers,  moreover,  it  embraces  the  pe- 
riod affected  by  the  entire  length  of  chain. 

With  the  above  limitations,  it  may  be  laid  down  as  a  maxim,  that 
chronometers  cannot  be  rated  too  often  when  time  and  opportunity 
permit. 

The  error  and  rate  of  the  chronometer  should,  if  possible,  be  ob- 
tained by  observing  equal  altitudes  of  the  sun ;  failing  this,  by  fore- 
noon or  afternoon  sights,  taking  care  that  if  the  observations  on  the 
first  day  are  made  in  the  forenoon,  those  on  the  second  day  should 
also  be  made  in  the  forenoon,  and  vice  versa. 

The  hack  used  in  rating  chroaoraeters  should  be  carried  in  a  box, 
and  should  be  compared  with  the  standard  chronometer  on  leaving 
and  returning  to  the  ship. 

Practice  will  soon  make  the  navigator  an  expert  observer,  and,  in 
addition  to  the  safe  conduct  of  his  ship,  he  will  often  be  able,  by 
measuring  meridian  distances,  to  be  of  great  assistance  to  his  fellow 
seamen,  by  furnishing  them  with  the  longitudes  of  places  hitherto  un- 
known. 1  he  following  table  from  Bedford  will  show  by  what  a  simple 
method  chronometers  may  be  rated  and  a  meridian  distance  measured. 
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Sbc. 


Meridian  Diitanoe  between  B«ixnt  and  Sidcm. 

Zoiing  rcUei  are  marked — y  gaining  ratee  marked  -h. 


Numbers  of  Ohronoinetera. 


Bent, 

1,798 

Standard. 


B.   If.       8. 

Standard  ftwt  on    Beirut   meanj 

time,  June  17,  ISfil. j    7    15    00.79 

Gompariaons  (standard  being  fast 

on  chronometers)* , 


Chronometers  fast  on  Beirut  mean 

time,  June  17, 1861 

Ditto  ditto,  June  11,  1861.. 


Bate  in  six  days. 


Daily  rate 

Bidon  rates  in  June. 


Bcirut-Sidon  rate. 


Ohronomctcrs  f  af^  on  Beirut  mean 
time,  June  17,  1861 

Bate  in  three  days  by  Bcimt-Sidun 
rate 

Chronometers  fast  on  Beirut  mean 
time,  June  20th 

Chronometers  fast  on  Sidon  mean 
time,  June  20th 


Meridian    distance,    Beirut    and 
Sidon 


7  16 
7  16 

00.79 
11.68 

10.89 

— 

1.81 
1.91 

— 

1.86 

7  16 

00.79 
6.68 

7  14 
7  15 

66.21 
26.91 

80.70 


MoOabe, 
187. 


B.  M.       B. 

7    16    00.79 
9    11    16.00 


10  08 
10  08 

45.79 
43.68 

9.11 

X 

.85 

.18 

+ 

.96 

10  OS 

45.79 

.78 

10  08 
10  04 

46.67 
16.91 

80.84 


B. 

80.70 
80.44 
80.73 

.177 

80.69=7'  89" 


9    89    47.68 
9    40    18.41 


80.78 


Longitude  of  Beirut SS"  99^  04^  B. 

—     7   89 


Longitude  of  Sidon 85   91    25    E. 


*  It  will  be  found  conrenient,  in  working  out  the  rates  of  chronometers  and  meri- 
^  dian  distaacoHf  alwaya  to  oonsider  the  chTQuxomeVet&iA  fa«t. 
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excellent  method  has  been  afforded  of  late  years  ot  determin- 
the  error  and  rate  of  the  chronometer,  by  the  establishment  of 
t^*»a^  baUs  at  certain  ports,  controlled  and  dropped  from  some  observ- 
atioxy.  These  time  balls  obviate  the  necessity  of  observations 
i«>^  rate. 

TIMS. 

Astronomers  make  use  of  several  different  kinds  of  time  :  mean 
Bolar  time  ;  true  or  apparent  time ;  and  sidereal  time. 

Bolar  Time. — Solar  time  is  that  used  for  all  the  ordinary  purposes 
of  life,  and  is  measured  by  the  daily  motion  of  the  snn.  A  solar 
^y  is  the  interval  of  time  between  two  successive  transits  of  the 
BUQ  over  the  same  meridian,  and  the  hour  angle  of  the  sun  is  called 
«o^!r  time. 

This  is  the  most  natural  and  direct  measure  of  time.  But  the  in- 
tervals between  the  saccessive  .  returns  of  the  sun  to  the  same  me- 
ndian  are  not  exactly  equal,  owing  to  the  varying  motion  of  the 
earth  round  the  sun,  and  to  the  obliquity  of  the  ecliptic.  The  in- 
tervals between  the  sun's  transits  over  the  meridian  being  unequal, 
it  is  impossible  to  regulate  a  time-piece  so  that  it  shall  follow 
the  son. 

To  avoid  the  irregularity  which  would  arise  from  using  the  true 
8im  as  the  measure  of  time,  a  fictitious  sun,  called  a  mean  suUy  is 
BQpposed  to  move  in  the  equator  with  a  uniform  velocity.  This 
mean  sun  is  supposed  to  keep,  on  the  average,  as  near  the  real  sun  as 
is  consistent  with  perfect  uniformity  of  motion  ;  it  is  sometimes  in 
advance  of  it,  and  sometimes  behind  it,  the  greatest  difference  being 
about  16  minutes. 

Mean  Solar  Time,  which  is  perfectly  equable  in  its  increase,  is 
measured  by  the  motion  of  this  mean  sun. 

The  clocks  in  ordinary  use,  and  the  chronometers  used  by  navi- 
gators, are  regulated  to  mean  solar  time.  Mean  solar  time  is  gener- 
ally called  mean  time  simply. 

Tbub  or  Apparent  Solar  Time  is  measured  by  the  motion  of 
the  real  snn.  The  difference  between  apparent  and  mean  time  is 
called  the  equation  of  time ;  by  means  of  it  wc  change  a\)pareut  i<^ 
mean  time,  or  the  reverse. 

17 
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Sidereal  Time.-^  Sidereal  time  is  measured  l^  the  daily  moti^^^^i 
of  the  stars  ;  or,  as  it  is  used  by  astronopiers,  by  the  daUy  motion  *  ^^ 
that  point  Id  the  equator  from  which  the  true  right  ascensions  ^^ 

the  stars  are  counted.     This  point  is  the  vernal  equinox,  and  its  ho ^^ 

angle  is  called  sidereal  time.     Clocks  regulated  to  sidereal  time 
called  sidereal  clocks. 


A  Sidereal  Day  is  the  interval  of  time  between  the  transit  of  t^K^e 
vernal  equinox  over  any  meridian  and  its  next  succeeding  return  '^o 
the  same  meridian.  It  is  about  3  m.  56  s.  shorter  than  the  mean  soL  ^^ 
day:  365^  solar  days,  or  a  year,  being  divided  into  366^  sidereal  da^^^  b. 
It  is  divided  into  24  hours.  The  sidereal  hours  are  counted  £r^  '^"'^ 
0  to  24,  commencing  with  the  passage  of  the  vemal  equinox  oir^ 
the  upper  meridian,  and  ending  with  its  zetnm  to  the  same  merv~ 
ian.  About  March  21st  of  each  year,  the  sidereal  clock  agrees  wi 
the  mean  time  or  ordinary  clock,  and  it  grains  on  it  about  8  m.  56  ^ 
per  day,  so  that  at  the  end  of  a  year  it  will  have  gained  an  ent&  ^^ 
day,  and  will  again  agree  with  it. 

The  Civil  Day  commences  at  midnight,  and  comprises  twenti^^'-^' 
four  hours  from  one  midnight  to  the  next  following.  The  hoit^  ^^^ 
are  counted  from  0  to  12  from  midnight  to  noon,  after  which  th^^^^ 
are  again  reckoned  from  0  to  12  from  noon  to  midnight,  Thus  t^^^® 
day  is  divided  into  two  periods  of  12  hours  each,  the  first  of  whic:^^'^ 
is  marked  A.  M. ,  the  last  is  marked  P.  M. 

The  Astronomical  Day  commences  at  noon  on  the  civil  day  ^^' 
the  same  date.     It  also  comprises  twenty-four  hours ;  but  they  a^^ 
reckoned  from  0  to  24  hours,  and  from  the  noon  of  one  day  to  th^^ 
of  the  next  following. 

The  astronomical  as  well  as  the  civil  time  may  be  either  apparent 
or  mean,  according  as  it  is  reckoned  from   apparent  noon  or  froxH 
mean  noon. 

The  civil  day  begins  twelve  hours  before  the  astronomical  day ; 
therefore  the  first  period  of  the  civil  day  answers  to  the  last  part  of 
the  preceding  astronomical  day,  and  the  last  period  of  the  civil  day 
corresponds  to  the  first  part  of  the  same  astronomical  day.  Tbe 
rule  then  for  the  transformation  of  civil  time  into  astronomical  time 
J8  this :  if  the  civil  time  is  marked  a.  m.  take  one  from  the  day  and 
rrdd  twelve  to  the  hours^  and  tYie  xesvjW.  \a  \»\«k  x^^V^ired  astronomical 
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tiune  \   if  Vhe  dvU  time  is  marked  p.m.,  take  away  the  designation 
X^.M.  and  the  astronomical  time  is  obtained  without  change. 

To  cTujtnge  asft/ronomical  to  dvU  time,  we  simply  write  p.m.  after  it. 
If  it  is  less  than  twelve  hours.  If  greater  than  twelve  hours,  we 
subtract  twelve  hours  from  it,  add  one  to  the  days,  and  write  a.m. 

If  the  longitude  from  Greenwich  be  expressed  in  time,  and  when 

'west  added  to  the   local  time,  or  when  east  subtracted   from  the 

local  time,  the  result  is  the  corresponding  Greenwich  time.      If  the 

local  mean  time  is  used,  the  result  is  the  Greenwich  mean  time.  The 

rule  is  the  same  whether  we  use  mean  or  sidereal  time. 

For  general  convenience,  the  time  changing  continually  during  a 
passage,  apparent  time  is  kept  on  board  ship  at  sea.  This  fact  must 
be  remembered,  if  looking  out  for  the  meridian  passage  of  stars  to 
determine  latltade. 

Iiunar  Day. — The  average  duration  of  a  lunar  day,  or  the  interval 
that  elapses  between  two  successive  transits  of  the  moon  over  the 
meridian  of  the  same  place,  is  24h.  54  m.;  the  average  period  of  the 
moon's  revolution  round  the  earth  ia  27  d.  7  h.  43  m.  11.5s.;  while  the 
interval  between  new  moon  and  new  moon  is  29  d.  12  h.  44  m.  2.9  s. 

Year. — The  earth  completes  her  revolution  round  the  sun  in  3C5  d. 
6h.  9  m.  9  6  s.,  mean  solar  time,  or  in  30Gd.  G  h.  9  m.  9.0  s.  reckoned 
in  sidereal  time.  This  is  called  the  sidereal  year.  But  the  year  in 
which  mankind  in  general  are  most  interested,  is  the  tropical  year  of 
365  d.  5h.  48  m.  49.7  8. 

This  year,  on  which  the  return  of  the  seasons  depends,  is  the  in- 
terval between  two  successive  arrivals  of  the  sun  at  the  vernal 
equinox,  or  first  point  of  Aries,  and  differs  from  the  sidereal  year  by 
reason  of  the  motion  of  the  equinoctial  points,  known  as  the  preces- 
sion of  the  equinoxes. 

The  tropical  year  is  a  compound  phenomenon,  depending  chiefly 
and  directly  on  the  annual  revolution  of  the  earth  rourd  the  sun, 
but  sabordinately  and  indirectly  on  its  rotation  round  its  own  axis. 
The  Gregorian  Calendar,  now  generally  used  among  civilized  nations, 
depends  upon  this  tropical  year,  and  may  be  thus  briefly  described  : 

Every  year  whose  number  is  not  divisible  by  four  without  a  re- 
mainder consists  of  365  days ;  every  year  which  is  d\N\a\\Afe  \il  ^L^ 
but  is  not  divisible  by  100,  of  366  days ;  every  yeax  dv^SaViA^k^si  ^^' 
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but  not  by  400,  consists  again  of  365 ;  and  eyeiy  year  divisible  l^ 
40.),  consists  of  366  days.     For  example : 

1873,  not  being  divisible  by  4,  consists  of  365  days. 

1876,  being  divisible  by  4,  but  not  by  100,  consists  of  366  days. 

1800  and  1900,  being  divisible  by  100,  btft  not  divisible  by  400, 
consist  of  365  days  each. 

8000,  being  divisible  by  400,  consists  of  366  days. 

The  en  or  of  the  Gregorian  Calendar  amounts  to  ozily  0.044  da;  4 
in  4,000  years. 


Oonversion  of  Time  and  Arc. 

To  turn  Time  into  Degrees^  IGnutea,  and  Seeofub  of  Are, 

Rule. — Turn  the  hours  into  minutes  and  divide  by  4  ;  the  result 
will  be  degrees,  minutes,  and  tenths  of  a  minute  of  arc. 

Example—l  h.  40  m.  53.73  s.=460  m.  53.73  s.-t-4=116°  13'.43= 
115°  13'  26'. 

To  turn  Arc  into  Eours^  Minutes,  and  Seconds  of  Time. 

Rule. — Multiply  the  arc  by  4;  this  converts  the  degrees  into 
minutes,  minutes  into  seconds,  and  the  seconds  into  thirds  of  time. 

Example.— 115°  13'  26"  x  4=460 m.  53  &  44t.=7  h.  40  m.  53.73  s. 

To  Convert  Sidereal  and  Mean  Time  Intervals  Approziinately. 

To  Convert  a  Mean  Time  into  a  Sidereal  Time  IntervaL 

Rule. — Increase  the  interval  by  1  m.  for  every  six  hours,  or  by 
10  s.  for  each  hour,  or  by  1  s.  for  every  six  minutes. 

To  Convert  a  Sidereal  into  a  Mean  Time  IntervaL 

Rule. — ^Diminish  the  interval  by  1  m.  for  every  six  hours,  or  by 
10  8.  for  each  hour,  or  by  1  b.  tot  e^^xy  six  minutes. 
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For  Oonverting  Int«nralM  of  Mean  Solar  Time  into  Bqnivalent 

Intenrals  of  Sidereal  Time. 
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BLOCKS,  TAOELES,  AND  ROPE. 
VARIOUS  JEINDS,    PRAOTIOAL   RULES,    ETC. 

WIRE-RIOGINa,  OUmNG  AND  FITTINa. 

OABUBS.    DATA  OONOERNING  CHAIN  CABLES, 

WIRE  CABLES. 

AJTCHORS.    RUUB8  FOR  WEIGHTS  AND  DIMENSIONS. 

SAILS,  CANVAS,  ETC.,  REMARKS  ON. 

PAINTING  SHIP. 
BOXING  COLORS,  VARNISHES,  ETC.     STAINING 

AND  DYEING. 

BSISCELLANEOUS  RECIPES. 

TIMBER  PRESERVATION  AND  SEASONING. 

INTERNAL  ECONOMY. 

SOaAPING   SPARS,   CLEANING    DECKS,   REPLACING 

COPPER,    DRESSING    SHIP,    ANCHORING    IN 

FOREIGN  PORTS,  STOWING  PROVISIONS, 

ETC.,  ETC. 
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BLOCKS. 

Blocks  are  mechanical  contrivances,  possessing  the  properties  oi 
pulleys.  A  block  consists  of  the  8heU^  sheave^  pin  and  strap.  The 
shell  is  the  frame  or  outside  part,  and  is  usuallj  made  of  ash.  In 
the  made  block  it  consists  of  two  or  more  pieces  pinned  together, 
the  outside  pieces  being  called  the  cheeks.  In  the  morticed  block  the 
shell  is  composed  of  but  one  piece  of  wood,  morticed  out  to  receive 
the  sheave. 

On  the  sides  and  at  each  end  of  the  shell  of  a  block,  a  single  or 
double  score  is  cut  to  allow  the  strap  to  fit  snugly  on  the  block. 

The  sLeive  is  the  roller  over  which  the  rope  runs,  and  is  made  of 
metal  or  lignum-vitas.  It  has  a  hole  in  the  centre  to  receive  the  pin, 
which  may  be  of  iron  or  copper,  hardened. 

In  a  lignnm-vitsB  sheave,  the  pin-hole  is  usually  IxmcJied^  or  lined 
with  composition  to  protect  the  sheave  from  chafe.  In  what  are 
known  b&  patent  blocks  the  sheave  contains /^iot/on  rollers,  and  these 
are  now  generally  used  in  cases  where  the  blocks  are  not  subject  to 
great  strain. 

The  strap  is  the  rope  or  band  around  the  shell,  by  which  it  is  at- 
tached to  its  particular  place. 

The  swallow  is  the  aperture  through  which  the  rope  reeves.  The 
liook  is  attached  to  the  strap,  and  is  prevented  from  chafing  by  means 
of  a  thimMe.  The  breech  is  the  end  of  the  block  farthest  from  the 
hook. 

Blocks  are  single,  double,  treble,  or  fourfold,  according  to  the  num- 
ber of  sheaves  contained  within  the  shell.  The  size  of  a  block  is 
determined  by  the  length  of  the  shell.  The  sizes  in  general  use  in 
the  Navy  range  from  4  inches  to  24  inches  inclusive. 
,  Under  the  general  name  of  blocks  may  be  included  hearts,  dead- 
Byes,  and  bulPs'tyes,vfh\i:Ai.  receive  the  ends  of  stays  and  shrouds, 
wooden  thimbles,  fairleaders,  euphroes  for  awnings,  cleats,  cavils, 
wooden  roUers,  chocks,  toggles,  travelers,  wooden-Jianks,  hoops,  trucks, 
etc. 

Blocks  take  their  names  from  some  peculiarity  of  form ;  from  the 
position  they  occupy ;  or  from  the  purpose  to  which  they  are  ap- 
plied. 
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Bee-Moeks,  or  bees,  are  pieces  of  oak  bolted  to  the  bowsprit,  for 
the  fore-topmast  and  spring  stays  to  reeve  through. 

Cat-block  is  a  large  block,  usually  treble,  used  to  raise  the  anchor 
to  the  cathead. 

Cheek-blocks  are  half  shells  which  bolt  against  a  mast  or  spar, 
which  forms  the  other  half  shell.     Used  on  gaffs  for  brails,  etc 

Clump-blocks  are  short  and  thick,  as  the  tack  and  sheet  blocks. 

Clew-garnet-blocks  are  single  blocks  hanging  under  the  quarters  of 
the  lower  yards,  and  receive  the  clew-garnets  by  which  the  courses 
are  hauled  ap.     The  same  name  is  applied  to  the  blocks  which  hook 

in  the  clews  of  those  sails. 

Clew-Une-blocks  are  attached  to  the  clews  of  the  topsails  for  the 
clew -lines. 

Dasher-block  is  a  block  at  the  end  of  the  spanker  gaff  for  reeving 
the  ensign  halliards. 

Euphroe  is  a  long  piece  of  wood,  having  a  number  of  holes  in  it, 
through  which  the  crow-foot  for  the  awning  is  rove. 

Fiddle-block  has  a  long  shell,  with  one  sheave  over  the  other.  Used 
for  yard  tackles  and  top  burtons. 

Fly-block  is  the  upper  block  of  the  topsail  halliards. 

Oin-blocks  are  large  composition  sheaves  which  turn  in  a  metal 
framework. 

Glrtiine-blocks  are  single  bloc'^s  used  to  reeve  single  whips  called 
girtlines  or  ganUines. 

Hanging-blocks  are  used  at  the  mastheads  for  the  halliards  of  the 
jibs  and  staysails.     They  usually  have  friction  rollers. 

Jack-blocks  are  single  blocks,  sometimes  used  for  sending  up  and 
down  light  yards. 

Jeer-blocks  are  large  treble  or  fourfold  blocks  for  reeving  the  pur- 
chases for  sending  up  and  down  lower  yards. 

Jewel-blocks  are  single  blocks  at  tho  ends  of  the  yards,  used  to 
reeve  studdin?-sail  halliards. 

Main  sheet-block  is  a  double  or  treble  block,  strapped  or  hooked  to 
the  main-boom  of  a  schooner  or  sloop,  for  the  main-sheet. 

QuarUr'blocka  on  the  topsail  and  to^^s^J^Xasit  yards^  are   doable 
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blocks  to  give  lead  to  the  sheet  of  the  sail  above  and  clewline  of  the 
one  below.  On  the  lower  jard  they  are  single  for  the  topsail  sheet, 
and  on  royal  yards  are  single  for  the  royal  cle  ^line. 

Shoe-hlocks  are  a  single  piece  of  wood,  with  mortices  cut  so  that 
the  two  sheaves  may  turn  at  right  angles  to  each  other. 

Sister-blocks  are  f  ormei  of  one  shell  and  two  sheaves  one  above  the 
other.  Generally  used  between  the  two  forward  shrouds  of  topmast 
rigging  to  give  lead  to  the  topsail  lift  and  reef-iackle. 

Secret-blocks  are  so  made  that  the  sheave  is  entirely  screened,  to 
prevent  fouling  by  small  gear  catching  in  the  swallow.  Used  for 
clew-lines  and  clew-jiggers. 

Snatch-blocks  are  single  and  iron  bound,  with  a  swivel  hook.  The 
shell  is  open  at  the  breech,  and  the  strap  fitted  with  a  clamp,  so  that 
the  bight  of  a  rope  can  be  snatched. 

Tdeffraph-blocks  are  blocks  with  a  number  of  small  sheaves,  used 
for  making  signals. 

Top-blocks  are  large  single  blocks  used  for  sending  up  r.nd  down 
topmasts. 

Tye-blocks  are  large  single  blocks  which  shackle  to  bands  on  the 
topsail  yard  for  the  tyes  to  reeve  through. 

Vtol-blocks  are  large  single  blocks  used  with  hawsers. 

Mock  and  blocks  or  two  blocks,  is  the  term  applied  to  a  tackle  when 
its  blocks  have  been  drawn  together.  Fleetiny  or  over?iauUng  the 
tackle  is  the  act  of  drawing  the  blocks  apart  again.  Blocks  require 
freqnent  examination,  and  pins  and  sheaves  f^hould  be  frequently 
transposed  to  prolong  the  life  of  the  block.  The  sheaves  on  which 
the  hauling  part  works  does  the  most  duty.  All  blocks  which  stand 
horizontally  must  be  placed  with  the  head  of  the  pin  upward. 
Great  support  may  be  given  to  the  hook  of  a  block  by  slipping  a 
shackle  over  the  point. 

Block-straps. — When  not  iron-strapped,  blocks  are  fitted  with 
straps  of  hemp-rope,  which  should  always  be  well  stretched. 

A  rough  rule  for  the  size  is  that  the  rojie  should  be  in  circumference 
one-third  the  length  of  the  block. 

Once  and  a  haJf  the  round  of  the  block  is  a  good  me^t^xx^  I've  HXi^ 
common  siiap.     The  splice  should  be  at  the  breech,  oi  ^i2[i!^  \^sy^. 
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All  blocks  under  twelve  inches  should  be  measared  with'  a  piAe  <^ 
span-yam,  in  the  score  ;  and  those  above  twelve  inches  with  six  to 
twelve-thread  ratune-stoff. 

Catting  and  Fitting  Straps. 

Single  Block  with  Lashing  Eyes. — Twice  the  round  of  the  block, 
and  once  the  roand  of  the  rope,  will  give  the  length  to  cat  the  strap. 
Marry  the  rope  once  and  a  half  romid  of  block,  and  half  the  roand 
of  rope. 

Single  B'ock  witli  Hook  and  Thimbie. — Twice  the  round  of  block 
and  one  3  the  round  of  rope  for  length.  The  round  of  block,  rope, 
and  thimble,  is  the  length  to  marry  the  strap. 

A  Single  Block  with  Double  Scores, — For  a  doable  strap  passmg 
aroand  a  yard  and  the  bights,  lash  on  top  of  the  yard.  Twice  and  a 
half  the  round  of  block,  twice  the  round  of  yard,  and  once  and  a  half 
the  round  of  rope.  Marry  the  strap  at  twice  the  round  of  the  yard 
and  block,  and  once  the  round  of  the  rope. 

DovMe  Block  with  Hook  and  ThimUe. — Take  twice  the  round  of 
the  block  for  length,  and  marry  it  once  the  round  of  block,  once 
round  of  thimble,  and  two-thirds  the  round  of  the  rope. 

Brace  Blocks  for  Lower  Yards.  -  Fitted  with  a  double  strap.  Twice 
round  of  block,  twice  the  round  of  thimble,  and  three  times  tiie  round 
of  rope.     Allow  sufficient  to  splice. 

Sizes  of  Rope  Reeviag  in  Blocks. — For  an  ordinary  thick  block, 

take  one-third  its  length  for  the  size  of  rope  to  reeve,  namely,  a  nine- 
inch  block  will  reeve  a  three-inch  rope. 

For  a  clump-block,  take  one-half  its  length. 

For  a  thin  block,  one -fifth  the  length. 

For  a  fiddle-block,  one-sixth  the  length. 

TACKLES. 

Tackles  are  combinations  of  ropes  and  blocks  used  as  a  mechan- 
ical power  for  moving  or  raising  weights. 

They  are  variously  applied  on  ship- board  for  sending  aloft  masts 
and  jrards,  setting  or  taking  in  sails,  setting  up  rigging,  and  in  inov* 
ingguna,  anchors,  etc. 
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The  simplest  form  of  tackle  is  that  in  which  a  single  fixed  block 
is  nsed.  By  this  arrangement  a  better  lead  is  given  the  rope,  and 
the  power  is  more  conveniently  applied,  but  no  power  is  gained.  If 
the  single  block  be  attached  to  the  weight  to  be  raised  ~  one  end  of 
the  rope  being  secured,  and  the  power  applied  to  the  other  end — the 
lifting  power  is  doubled,  as  the  weight  is  then  sustained  by  two  parts 
of  the  rope,  each  of  which  bears  half  the  strain.  Should  the  rope 
be  passed  through  another  fixed  block,  greater  convenience  is  ob- 
tained in  the  application  of  the  power,  though  the  lifting  power  is 
unchanged.  Therefore  the  ratio  of  the  moving  power  of  a  tackle  to 
the  applied  power  depends  upon  the  number  of  parts  of  rope  at 
the  movable  block. 

In  order  to  exert  the  greatest  amount  of  power  with  a  tackle,  that 
block  having  the  greatest  number  of  parts  of  rope  should  be  attached 
to  the  weight  to  be  moved. 

To  ascertain  the  amount  of  purchase  required  to  raise  a  given 
weight  with  a  given  power,  divide  the  weight  by  the  power,  and  the 
quotient  will  be  the  number  of  parts  of  rope  which  the  lower  block 

W  W 

should  contain,  or  N=p ,  and  again  P=:j^,  or  the  power  necessary  to 

raise  a  given  weight  with  a  tackle  is  equal  to  the  qtiotient  of  the  weight 
divided  by  the  number  of  parts  at  the  movable  block. 

If  the  weight  is  raised  by  such  an  increase  in  the  power  applied 
as  shall  set  the  sheaves  in  motion,  the  element  of  friction  must  be 
considered. 

Friction  causes  the  tension  upon  the  various  parts  of  tbe  rope  to 
be  unequal.  The  hauling  part  will  bear  the  gieatest  strain,  while 
the  standing  part  will  bear  the  least  strain.  Each  intermediate  part 
will  sustain  its  proportionate  part  of  the  weight,  increased  by  the 
friction  of  each  sheave  between  it  and  the  stunding  part.  It  has 
been  estimated  that  one-sixth  of  the  power  gained  at  each  sheave  is 
expended  in  overcoming  the  friction,  and  the  ordinary  rule  is  that 
the  hauling  part  bears  double  the  strain  of  the  standing  part  in 
moving  a  weight. 

Power  can  be  increased  only  at  the  expense  of  time  ;  or,  the  velocity 
with  which  the  power  moves,  is  to  the  velocity  with  which  the  weighty 
rises  as  the  number  of  parts  at  the  movable  block  la  to  1. 
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Tackles  of  various  sizes  and  powers  are  in  use  on  board  ship,  9Sy^ 
they  are  named  from  the  uses  to  which  they  are  applied. 

A  single  whip  has  a  single  fixed  block. 

A  gun-tackle  purcliase  has  two  single  blocks. 

A  luff -tackle  has  a  double  and  single  block. 

A  twofold  purdmse  has  two  double  blocks. 

A  threefold  purchase  consists  of  two  treble  blocks. 

A  boom-tackle  is  a  double  purchase  used  in  fore  and  aft  rigg' 
vessels  in  guying  out  the  main  boom  with  a  fair  wind. 

A  deck-taMe  is  a  heavy  double  purchase  used  in  heavy  work  abo 

decks. 

k  fish-tackle  is  a  heavy  double  purchase  used  to  fish  the  anchor. 

kfore  and  nft-tacHe  is  any  tackle  used  in  the  direction  of  t 
]  )agbh  of  the  vessel,  such  as  that  used  to  stretch  the  backbone  of 
awning. 

A  grhlet-purchase  consists  of  two  tackles,  called  muzzle 
and  breech-purchase,    and  is  used  in  dismounting  guns  on  low< 
decks.     The  purchases  are  threefold. 

A  hatch-tackle  is  a  common  luflf-purchas3,  used  generally  for  hoist 
ing  articles  from  below. 

K  jeer-tackle f  or  jeers^  is  a  purchase  used  in  sending  up  and  do 
lower  yards.     The  upper  block  is  often  connected  with  and  made  ( 
form  part  of  the  yard  slings,  the  chain  being  attached  to  the  bloc 
by  a  slip  link.     The  blcck  is  thus  always  in  place,  and  time  is  save 
when  it  is  required  for  use. 

Jiggers  are  small  luffs  used  for  various  purposes. 

Rigging-luffs  used  in  setting  up  rigging  have  two'  single  blocks. 

A  pendant- tackle  is  composed  of  a  double  and  single  block.  It  i^ 
hooked  to  the  mast-bead  pendants,  and  is  used  in  staying  the  mastE^ 
and  for  other  purpose. 

A  reef-tackle  is  used  in  reefing  to  rouse  up  the  leeches  of  th^ 
courses  and  top-sails. 

ReHevhig-tackles  are  hooked  to  the  tiller  in  order  to  relieve  th» 
wheel  ropes  in  heavy  weather,  or  to  steer  the  ship  when  the  wheel- 
ropes  are  carried  away.     Generally  a  double  and  single  block. 
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BoUmg'taeJdfes  hook  to  the  qaarters  of  the  yards  and  to  the  mas  r, 
to  steady  the  yards  when  the  vessel  is  rolling  heavily. 

Budder-taddes  hook  to  the  mdder-chains  to  steer  the  ship  in  case 
of  accident  to  the  radder-head. 

A  runner  and  tackle  is  a  tackle  attached  to  a  runner.  They  are 
nsed  in  staying  masts. 

A  sail-taekie  is  the  purchase  used  in  sending  up  a  topsail  for  bending. 

A  side-taekle  is  a  double  and  single,  or  two  double  blocks.  It  is 
used  in  running  out  a  broadside  gun. 

Stay-tackles  are  heavy  double  purchases  which  hook  to  the  triaiic 
stay  in  hoisting  out  heavy  boats,  etc.  In  provibioning  ship,  the  yard 
and  stay-tackles  are  used,  and  the  stay- tackle  hooks  to  the  eye  of  a 
pendant  from  the  lower  cap  stopped  out  to  the  main-stay. 

A  Spanish-burton  is  a  purchase  much  used  in  the  merchant  service 
for  hwidling  cargo. 

The  single  Spanish-burton  has  two  single  blocks.  The  sfcanding 
part  of  the  rope  is  spliced  to  the  strap  of  the  lower  or  movable  block, 
and  leads  through  the  upper  or  stationary  block;  the  hook  for 
the  weight  is  seized  or  bent  to  the  bight,  while  the  hauling  part 
leads  through  the  movable  block.  This  increases  the  power  three 
timea. 

The  double  Spanish-burton  has  one  double  and  two  single  blocks ; 
the  standing  part  spliced  to  the  strap  of  one  single  block,  then  rove 
through  the  double  or  stationary  block,  and  the  bight  seized  to  the 
strap  of  the  lower  block,  to  which  the  weight  is  hooked  The  end  is 
then  rove  up  through  the  double  block,  through  the  lower  block,  and 
finally  through  the  block  to  which  the  standing  part  is  made  fast. 
This  purchase  increases  the  applied  power  five  times. 

A  stock  and  biU'tackle  is  a  small  tackle  used  when  securing  an  an- 
chor for  sea. 

A  top-burton  is  a  tackle  of  sufficient  length  for  the  lower  block  and 
end  of  the  fall  to  reach  the  deck  when  the  upper  block  is  hooked  to 
the  eye  of  a  pendant  at  the  topmast-head.  It  has  the  purchase  of  a 
laff-tackle,  or  a  double  and  single  block.  A  fiddle-block  is  used  in 
place  of  the  double  block,  on  account  of  the  narrow  space  under  the 
eyes  of  the  topmast  rigging. 
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A  top-tackle  is  a  doable  pniohase  used  in  sending  a  topmast  up  or 
down. 

A  trairi'taeJde  consists  of  a  doable  and  single,  or  two  donble  blocks. 
It  is  hooked  to  the  rear  of  a  gun-carriage,  and  to  an  eye-bolt  in  the 
deck,  and  is  used  for  running  in  a  broadside  gun,  or  to  prevent  it 
from  running  out  while  loading. 

Tricing-Hnes  ore  single  whips,  or  sometimes  gun-tackle  purchases, 
used  to  trice  up  the  studding-sail  booms. 

Watch-tackle. — A  common  luff -purchase,  or  jigger  fitted  with  tails. 

A  winding -tackle  is  a  purchase  of  a  double  and  single  or  two  double 
blocks.  It  is  used  in  hoisting  heavy  weights,  being  hooked  to  the 
eye  of  a  top-pendant  stopped  out  to  the  lower  yard-arm.  The  pen* 
d  uit  is  generally  rove  through  a  block  at  the  masthead,  and  secnied 
to  the  deck  near  the  mast. 

Yard- tackles  are  heavy  tackles  used  on  the  lower  yards,  in  connec- 
tion with  the  stay-tackles  in  hoisting  heavy  weights.  The  upper 
block  is  usually  fitted  with  a  strap  for  passing  round  the  yard. 

Besides  the  tackles  enumerated,  there  are  various  whips  and  jig- 
gers in  general  use  on  board  ship,  such  as  water-whips^  boom-jiggen^ 
bunt-jiggers,  cleio-jiggers,  Uft  jiggers,  etc.^  geer  trieing-Unes^  tripptng- 
lints,  etc. 

Remarks. — The  swallow  of  a  block  should  be,  generally,  one-tenth 
inch  for  every  quarter-inch  in  circumference  of  the  fall. 

Manila-falJs  offer  less  resistance  by  friction  than  tarred  hemp-falls. 

Whenever  great  weights  are  to  be  moved,  it  is  best  to  hitch  the 
standing  parb  of  the  fall  around  the  neck  of  the  strap,  in  place  of 
securing  it  to  the  becket. 

Hooks  should  be  thick  in  the  bend,  and,  when  subject  to  much 
strain,  should  have  a  good  mousing  to  counteract  the  t<endency  to 
straighten  out  or  to  become  unhooked. 

In  racking  a  purchase-fall,  the  hauling  part  should  be  racked  to 
the  part  leading  from  the  opposite  side  of  the  block. 

In  lowering,  the  standing  part  experiences  the  strain  which  the 
hauling  part  experiences  in  hoisting. 

The  strap  of  the  upper  block  of  a  purchase  should  have/<9ur  times 
the  strength  of  the  fall  rove. 
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ROPE. 

Rope  is  principally  made  from  hemp,  manila,  hide,  or  wire. 

Flax  is  used  for  making  sail-twine,  and  sometimes  for  deep  sea 
sonnding-lines. 

The  higher  grades  of  hemp  rope  are  made  from  Russian  hemp,  and 
sU  small  stuff  is  hand-spun  from  American  hemp. 

Hemp  rope  untarred  is  called  white  rope^  and  is  much  used  for 
lead  and  log-lines. 

Manila  Rope  is  more  pliahle,  buoyant,  and  causes  less  friction 
than  hemp  rope.  It  is  much  preferred  in  this  country  for  running 
rigging,  hawsers,  and  tow-lines. 

It  is  not  tarred  like  hemp  rope,  but  the  fibres  before  being  worked 
np  are  sprinkled  with  whale  oil.  In  the  case  of  large  hawsers,  the 
outside  yams  of  the  strands  are  passed  through  the  tar  trough. 

Whaie-Unea  are  made  of  selected  manila,  Ijf  to  IH  iT^oh  in  cir- 
comference,  and  are  required  to  withstand  a  test  strain  of  6,000 
pounds. 

Hide  Rope  is  made  of  strips  cut  from  green  hides.  It  is  generally 
protected  by  grease  and  Swedish  tar ;  or,  in  the  case  of  wheel-ropes, 
by  a  coating  of  neat*s-foot  oil.  It  is  used  for  tailing  on  to  any  ropes 
which  are  exposed  to  much  chafing  in  one  part,  such  as  topsail-sheets 
and  tyes,  yard-ropes,  etc. 

The  splices  of  hide  rope  should  not  be  served. 

Wire  Rope  is  used  wherever  strength  and  durability,  rather  than 
flexibility,  are  required.  It  is  made  from  steel  or  iron  wire.  Steel 
wire  is  about  fifty-six  per  cent,  stronger  than  corresponding  iron  wire. 
Both  steel  and  iron  wire  may  be  galvanized  without  loss  of  strength. 

SmaIjL  Stuff  is  the  general  term  for  small  rope,  and  the  number 
of  yams  is  sometimes  specified,  as  24,  21,  18,  15,  and  12-thread  rat- 
line-f^uff;  9,  6,  and  4-thread  semng-Uuff. 

Bpun-yam  is  mode  of  long  tow^  laid  up  loosely  left-handed,  and 
is  well  tarred  and  rubbed  down.  It  is  known  as  2,  8,  4,  etc. ,  yam 
spun-yam. 

HambroUne  is  a  fine  description  of  seizing-stuff. 

Baund4me  is  made  of  three  left-handed  yam&^  an^  \&  ^i^^T^l^x^ 
right-handed. 

J8 
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House-line  in  left-handed,  and  in  made  of  three  yams. 
Marline  is  left-handed,  and  is  made  of  two  threads  of  finely  dressed 
hemp. 
All  small  stuff,  except  ratline-staff,  is  measured  by  the  ponnd. 

Nettles  are  made  by  laying  up  two  or  three  yams  neatly,  and  rub- 
bing down  smooth. 

Foxes  are  made  of  two  or  more  yams,  laid  up  by  twisting. 

A  Spanish  fox  is  a  single  yam,  twisted  tightly  in  a  direction  con- 
tray  to  its  natural  lay.     It  is  used  for  small  seizings. 

In  the  manufacture  of  rope,  the  fibres  of  hemp  or  manila  are  over- 
lapped together,  and  compressed  by  twisting,  to  form  the  reqaiied 
size  of  thread  or  yam.  Yarns  are  then  combined  by  laying  np,  and 
form  a  strand ;  three  or  four  strands,  by  laying  up,  form  a  lOpe ; 
and  three  or  four  ropes  a  cable. 

The  general  rule  is  to  spin  the  yam  from  right  to  left,  making  '^^ 
rope  yarn  right -Juiuded,  The  strand  formed  by  a  combination  o' 
yarns  becjmes  left-handed.  Three  of  these  strands  being  laid  np 
together,  form  a  right-handed  or  plain-laid  rope.  When  three  snch 
ropes  are  laid  up  together,  it  forms  a  left-handed  cable  of  nine  strands, 
called  cable-laid  rope. 

Gable-laid  stay  consists  of  twelve  strands ;  or  four  plain-laid  rope^i 
laid  up  as  above,  to  form  a  single  rope. 

Shroud-laid  rope  is  made  by  laying  up  four  strands  together,  rigbt- 
handed,  around  a  heart  of  i^liable  rope  to  fill  the  vacant  space  in  th* 
centre. 

A  four-stranded  rope  is  about  one -fifth  weaker  than  a  three- 
stranded  one  in  the  smaller  sizes;  but  the  larger  sizes  ore  considered 
fully  equal  to  plain-laid  rope  in  strength. 

The  lanyards  of  lower  rigging  are  made  of  four-stranded  rope. 

Hawsers.  — The  largest  hawsers  are  from  eleven  to  twelve  inches 
in  circumference,  and  from  that  they  decrease  in  size  to  four  inch 
tow-lines.  All  manila  hawsers  should  be  plain-laid,  and  all  over  five 
inches  should  be  four- stranded. 

Remarks    on   Rope. — Rope   contracts   considerably  by  wetting. 

Advantage   is  often  taken  of  this  by  wetting  temporary  lashings 

which  are  required  to  be  very  taut.     In  rainy  weather,  braces,  hal- 

Jiards,  sheets,  and  other  running- rigging,  must  be  slaoked  up  to  avoid 

carrying  away  something. 
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Rope  shonld  be  thoroughly  dried  before  being  stowed  away. 
The  size  of  a  rope  is  denoted  by  its  circumference,  and  the  length 
is  measured  by  the  fathom.     Right-handed  ropes  are  coiled  down 
'uyith  the  sun  ;  left-handed  ropes  against  the  sun.     Jjcft  handed  cables 
axLd  hawsers  however  are  coiled  away  in  the  tiers  with  the  sun. 

In  taking  out  new  rope  from  a  coil,  the  end  should  be  passed 
through  the  coil  a£id  coiled  down  against  its  lay  to  clear  it  of 
turns. 

The  strength,  of  a  yam  may  be  called  in  round  numbers  one 
hundred  pounds. 

Two  men  can  worm  and  serve  seven  fathoms  of  three  inch  rope  in 
an  hour  ;  or  worm,  parcel,  and  serve  three  fathoms  of  seven  inch  in 
an  hour. 


Rules  for  finding  the  Breaking  Strain  of  Rope  of  Govern- 
ment Make. 

Uhtarred  Hemp  Bope. — Square  of  circumference  in  inches,  multi- 
plied by  1371. 4= strength  in  pounds. 

Tarred  Hemp  Bope. — Square  of  circumference  in  inches,  multiplied 
^1044.9=strengrth  in  pounds. 

Maoiia  Hope, — Square  of  circumference  in  inches,  multiplied  by 
783.7=strength  in  pounds. 

Iron-  Wire  Hope. — Weight  in  pounds  per  fathom,  multiplied  by  4480 
^strength  in  pounds. 

8ted-  Wire  Hope. — Weight  in  pounds  per  fathom,  multiplied  by  7098 
-strength  in  pounds. 

Practical  Rules. 

Bide  for  Ascertaining  the  Strength  of  Plain- Laid  Hope. — Square  the 
circamference,  and  divide  by  3  for  the  breaking  strain  in  tons,  and 
by  6  for  the  working  strain. 

Rule  for  Caieidating  the  Weight  of  Rope  {Tanked  Ilemp). — Multiply 
the  square  of  the  circumference  by  the  length  in  fathoms,  and  divide 
^  4.24  for  tiie  weight  in  pounds.     The  divisor  f  ot  hempeii  ^i^yJc^*^^  Sa 
179. 
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Rule  for  Finding  t/ie  Wei(/ht  a  Bope  wUl  Lift  when  Hove  as  a  TackU.-' 
Maltiply  the  weight  the  rope  will  sustain  by  the  number  of  paitB 
at  the  movable  block,  and  subtract  one-fourth  of  this  for  resist- 
ance. 

EiUe  for  Finding  t7ie  Size  of  Hope,  wTien  Move  as  a  Tackle,  to  Uflc^ 
Oioen  WeigJiU  — Divide  the  weight  to  be  raised  by  the  number  of  parts 
at  the  movable  block,  to  get  the  strain  on  a  single  part;  add  one-third 
of  this  for  the  increased  strain  due  to  friction  and  reeve  the  rope  of 
corresponding  strength. 

Rule  for  Finding  what  Number  of  Parts  of  a  SmaU  Rope  are  Mqtioi 
to  a  Large  Rope. — Divide  the  square  of  the  circumference  of  the  larger 
rope  by  the  square  of  the  circumference  of  the  smaller,  and  the  re- 
sult will  be  the  number  of  parts  of  the  Fmaller  equal  to  the  larger. 

To  Determine  the  Relative  Strength  of  Chain  and  Rope, — Consider 
the  proportional  strength  to  be  ten  to  one,  using  the  diameter  of  tho 
chain  and  the  circumference  of  the  rope. 

To  replace  five -inch  rope  use  half -inch  chain. 

To  Determine  the  Proportionate  Strength  of  Wire  a-nd  Hemp  Ropo* 
— Multiply  the  square  of  the  circumference  of  a  hemp  rope  by  the 
decimal  .323  for  iron  wire,  and  by  .12  for  steel  wire,  and  extract  the 
square  root  of  the  product ;  the  result  will  bo  the  circumference  of 
a  wire  rope  of  corresponding  strength. 

By  multiplying  the  square  of  the  circumference  of  a  wire  rope 
i^y  4.0  for  iron  wire,  and  by  8.4  for  steel  wire,  and  extracting  tii6 
square  root  of  the  product,  the  circumference  of  a  hemp  rope  of 
corresponding  strength  may  be  obtained. 

N.B. — l^he  wire  rope  referred  to  has  a  hemp-heart 

WIRE-RIGGING. 

Wire  Rope  of  a  superior  quality  is  made  at  the  Navy  Yard,Bo8ton. 
It  is  six-stranded  right-hand  rope,  and  has  a  hemp-heart. 

To  splice  wire. — Stick  once  whole  strand,  once  two- thirds  strand. 

and  once  one-third  strand ;  get  it  on  a  stretch,  break  off  the  wires 

close  to  the  rope  by  working  them  quickly  backward  and  forward, 

aud  finally  parcel  and  serve. 

Always  serve  over  the  required  \engQa.ioT«ia.??j^  before  splicing  it 
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Cutting  and  Fitting,  etc. 

In  catting  and  fitting  wire,  it  should  be  remembered  that  the  neali 
length  is  required. 

Wire  stays  and  shrouds  are  parcelled  and  served  for  the  entire 
length. 

Wire  is  always  cut  on  the  straight. 

Having  secured  one  end,  clap  a  tackle  on  the  rope  beyond  the  mark 
:f  or  cutting,  on  both  sides  of  which  put  a  good  whipping.  Lay  au 
^xe  under  the  rope  at  the  mark  and  beat  it  down  with  a  maul. 

In  catting  shrouds,  secure  one  eud,  lead  the  rope  through  a  snatch- 
Idock  lashed  at  a  point  from  the  end  equal  to  the  length  of  a  shroud - 
leg,  bring  the  other  part  back,  and  clap  on  a  tackle  as  before. 
^V^en  both  parts  are  straight,  cut  at  the  marks,  having  previously 
put  on  the  whippings. 

In  catting  stays,  the  half-collar  and  sufficient  end  for  splicing 
anust  be  allowed  for.     The  lashing  eyes  of  stays  are  always  spliced. 

To  Pit  Wire-Rigging. — Stretch  the  rope,  give  it  a  good  coating 
of  red-lead  and  boiled-oil,  worm,  and  parcel;  coat  the  parcelling 
also  with  read-lead  paint,  somewhat  thinner  than  before.  Allow  the 
rigging  to  stand  about  twenty-four  hours,  and  finally  serve  with 
round-line. 

The  eye  of  wire-shrouds  is  made  five  square,  and  has  a  seizing 
Bindlar  to  that  of  a  hemp-shroud.  All  wire-rigging  is  set  up  with 
hemp-lanyards  and  patent  dead-eyes. 

To  form  the  collar  of  wire-stays :  open  the  rope  into  two  legs  of 
tbree  strands  each,  a  little  over  the  length  of  the  collar,  cut  an  addi- 
tional piece  of  rope  of  the  same  length  as  the  opened  legs,  and  from 
it  take  four  strands,  two  for  each  leg.  These  are  laid  up  in  the 
vacaat  lays,  making  each  leg  five- stranded,  and  the  ends  are  stuck 
at  the  crotch  ;  a  lashing-eye  is  spliced  into  the  end  of  each  leg. 

Thimbles  may  be  spliced  in  wire-iope  as  follows :  red-lead,  par- 
cel, and  serve  the  ropes  the  length  of  the  round  of  thimble.  Break 
the  rope  around  the  thimble  and  secure  it  in  a  bench-screw ;  stop 
the  parts  together,  and  pass  seizings  through  i  he  thimble  and  around 
the  rope  on  each  quarter;  open  out  and  splice,  passing  each  wire 
separately. 
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OABIiES. 

Chain  Cables  for  the  naval  service  are  made  at  tiie  Washington 
Navy  Yard. 

The  best  iron  is  used;  each  bar  is  teste  J;  and  the  links  are  care- 
follj  welded. 

A  cast-iron  stnd  is  inserted  in  each  link,  except  those  at  the  end 
of  the  sections.  The  object  of  the  stud  is  to  strengthen  the  link  and 
keep  the  chain  from  kinking,  ^i  he  stud  adds  about  one -fourth  to 
the  strength  of  the  link,  and,  to  compensate  for  the  absence  of  studs, 
the  end  links  are  made  of  the  same  diameter  as  the  cable  next  in 
size. 

Chain  cables  are  generally  120  fathoms  long.  A  shackle  is  intro- 
duced (rounded  pctrt  forward)  at  each  section  of  15  fathoms,  and  a 
swivel  at  7i,  37i,  and  82i  fathoms. 

All  cables  are  marked  at  the  shop  in  the  following  manner  :  Each 
shackle  is  marked  across  the  eye  with  its  number;  tho  swivels  and 
dab-link  are  marked  with  the  number  of  the  chain,  date,  place,  and 
the  initials  of  the  inspector.  On  the  studs  are  cast  the  initials 
U.  S.  and  W.  N*  Y.  ;  also  the  size  of  the  chain  in  figures. 

Proof  of  Cables. 


Size. 

IN. 


1 

H 

If 
H 
U 


Pounds  strain 
single  pruof . 


20,800 
84,600 
44,800 
56,000 
66.600 
78,000 


Size. 
IN. 


n 
n 

2 

2i 


Pounds  strain 
single  proof. 

87,800 
100,800 
117,600 
134,400 
147,800 


Cables  issued  to  the  service  are  subjected  to  single  proof  only,  but 
triplets  are  cut  from  the  chain  to  be  issued,  which  must  withstand 
doable  the  above  proof  before  breaking. 
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.ta  Concerning  Chain  Cables,  from  Teats  at  the  Washingt0''^ 
Navy  Yard  during  the   Time   of  the  Session  of  the  Wi:s^ 
Board,  from  Iron  Rolled  by  the  Government,  and  from  Ir^^ 
received  under  the    Standard  Government  Test   for 


.& 


same. 


Diaiaetcr  of 
chain-iron. 


Average 

break!  ng- 

Ktrain. 


Weight  per 
fathom. 


Diameter  of 
idiain-iron. 


IN.  LBS. 

i 4,087 

A 0,343 

I ;      9,300 

-.^i.- i  12,620 

i 10,550 

A :  21,100 

I  i  20,100 

li ;  31,660 

f 37,58'J 

\fi i  44,130 

i  i  51,090 

IJ i  58,480 

1     07,000 

l-.'v 71,990 

H 81,000 


LBS. 

3.35 

5.18 
7.70 
11.11 
14.08 
18.64 
22.20 
^1.81 
30.31 
37.73 
41.71 
47.81 
55.16 
66.44 
75.27 
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If  . 
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If 
Hi. 
If  . 

1  '  3. 

1J  \ 
••■i  ti< 

2     . 
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Avera^ 

teeaking- 

Btrain. 


A 


liBS. 

89,844 
112,430 
120,000 
124,000 
136,750 
157,760 
164,871 
171,600 
177,500 
217,840 
224,000 
239,874 
255,600 
288,548 


We:ght  I 
fothoi 


83.( 

90. 
102.2 
112  21 
120.1 
130.  ( 

144.5t^^  ^ 
154.3flt::?*" 
167. 1( 


0 
;2 

M 
^9 


176.9 

189.7 

223.4' 

234.48 

263.4 


^6 
48 

^7 
8 


Rule  to  Determine  the  Size  of  Chain  Cable  Corresponding  to 
Anchor  of  a  Given  Weight  (Inclusive  of  Stock). 

Cut  off  the  two  right-hand  figures  of  the  number  of  pounds  of 
anchor's  weight,  and  multiply  the  square  root  of  the  remain: 
quantity  by  4 ;  the  result  will  be  the  diameter  of  the  chain  in 
teenths  of  inches.    Thus : 

Weight  of  anchor  in  pounds 5,000 

Cut  off  two  right-hand  ciphers,  leaves 50 

Square  root  of  50 7.071 

;: on x4  =  28.284  and  ^  -\\\,  ^\ie  OiV^melex  oC  chain  needed. 


e 


•.a 
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Wire  Cables. 

Wire  cables  are  being  introduced  into  many  English  and  German 
vefwels,  and  the  British  Lloyd's  have  sanctioned  the  use  of  one  flex- 
ible steel  wire  cable  for  steam  vessels. 

The  principal  advantage  claimed  for  the  use  of  wire  cable  over 
chain  cable  is  uniformity  of  strength.  Chain  cables  frequently  have 
defective  welds,  but  a  wire  cable  is  composed  cf  many  threads,  and 
these  completely  **  break  joint  "  with  each  other,  and  thus  neutral- 
ize any  defect  in  the  wires. 

There  is  also  a  great  saving  in  weight.  A  chain  cable  with  two 
inches  thickness  in  each  link  weighs  about  235  lbs.  per  fathom; 
while  steel  wire  cable  of  superior  strength  weighs  only  about  40  lbs. 
per  fathom,  thus  saving  nearly  200  lbs.  per  fathom  used,  or  many 
tons  in  a  full  length  of  cable.  It  is  true  that  the  weight  of  the 
chain  cable  greatly  assists  the  onchor  in  holding  the  vessel,  but  the 
comparatively  light  wire  cable  may  be  attached  to  a  suitable  anchor 
of  increased  dimensions,  and  the  greater  facility  of  handling  the 
wire  must  be  of  importance,  especially  as  regards  the  time  necessary 
to  weigh  anchor. 

There  is  no  noise  in  working  the  wire  cable  and  it  may  be  stowed 
upon  a  reel  on  deck,  thus  avoiding  the  stowage  in  chain-locker.s, 
forward,  of  a  weight  of  chain  which  tends  to  strain  the  vessel  i.t 
that  unsupported  part. 

Wire  cable  has  been  in  use  on  H.B.M.  Ships  Valorous  and  Eclipse, 
r.nd  also  on  board  some  of  the  Channel  steamers,  for  some  time. 

The  appliances  for  working  it  on  board  one  of  these  vessels  are  as 
follows:  The  wire  is  fitted  on  the  port  side,  and  is  150  fathoms 
long,  5  inches  in  circumference,  and  weighs  28i  cwt.,  with  a  break- 
ing strain  of  (55  tons.  An  ordinary  chain  cable  is  fitted  on  the  star- 
board side,  and  the  lower  part  of  the  capstan  is  reserved  for  workirg 
this  cable,  whDe  the  upper  part,  and  a  sister- capstan,  placed  just 
forward  of  it,  works  the  wire,  which  is  passed  around  them  in 
grooves  in  the  form  of  a  figure  8;  this  avoids  surging,  as  the  rope 
leads  on  to  the  lowest  ring  on  the  main- capstan  and  leads  off  the  top 
ring  of  the  sister- capstan,  and  to  prevent  chafe  the  grooves  are  set 
some  distance  aparb.  The  wire  cable  stows  on  a  reel  conveniently 
placed  abaft  the  capstans  on  the  same  deck.  Automatic  nippers 
Kecure  the  cable  by  friction  while  the  ship  ia  auchoT^d,  wife  \i^\ss% 
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placed  where  the  port  riding-bitt  would  stand,  and  the  other  in  ths 
eyes  of  the  ship. 

When  the  anchor  is  let  go,  the  cable  runs  straight  from  the  reel  to 
the  nippers  and  through  the  hawse-holes. 

ANCHORS. 

Anchoks  are  of  two  kinds — Solid  and  Portable, 

Solid  anchors  are  those  which  have  the  shank  and  arms  wrought 
into  one  mass. 

Portable  anchors  are  those  which  admit  of  being  separated  or  taken 
to  pieces,  and  in  many  of  which  the  arras  are  movable. 

The  anchor  known  as  Trotman^s  anchor  is  in  general  use  in  the 
merchant  service.  All  anchors  used  in  the  navy  are  made  at  the 
Washington  Navy  Yard. 

The  navy  anchor  consists  of  the  following  parts:  sTiank^  ring  (or 
shaclde),  arin^  palm  (or  fluke),  MU  (or  point),  blade,  crown^  stocky  and 
throat. 

The  shank  is  the  main  body  of  the  anchor.  The  ring  is  bolted  to 
the  upper  end,  and  the  arms  are  welded  to  the  other.  The  crown 
is  the  heavy  end  of  the  shank,  where  the  arms  are  welded.  The 
stock  is  the  iron  beam  at  right  angles  to  the  shank.  It  has  a 
shoulder  near  its  middle,  and  when  this  shoulder  is  against  the  shank 
it  is  keyed  on  the  other  side.  The  end  opposite  the  shoulder  is  bent 
for  convenience  in  stowage.  On  the  ends  of  the  stock  are  cast-iron 
balls,  the  one  on  the  bent  end  being  movable. 

The  arm  consists  of  the  palm^  the  bill^  and  the  Made.  The  palm  is 
shield-shaped,  and  is  welded  and  riveted  to  the  blade. 

The  biU  is  the  part  of  the  arm  which  projects  beyond  the  palm. 

Bower  and  sheet-anchors  for  the  navy  are  alike  in  weight.  All 
anchors  and  kedges  have  iron-stocks. 

The  weight  of  an  anchor,  as  marked  on  it,  is  exclusive  of  the  stock, 
but  inclusive  of  the  bending- shackles. 

The  weight  of  an  iron-stock  is  nearly  one-fourth  of  the  anchor  to 
which  it  belongs. 

Stream- anchors  are  about  one-fourth  the  weight  of  the  bower. 

Kedges,  when  four  are  allowed,  are  respectively  one-seventh,  one- 

RJorhth,  one-tenth,  and  one-fourteenth  the  weight  of  the  bower ;  when 

^Iiree  are  allowed^  one-sixth,  one-e\g\it\i,  asid  onft-tenth ;  when  two 
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are  allowed,  one-sixth  and  one-tenth  ;  and  when  one  is  allowed,  one- 
eighth. 

To  determine  the  weight  of  a  bower  or  sheet-anchor  for  a  vessel, 
multiply  her  displacement  in  tons  bj  the  number  assigned  to  her 
approximate  displacement  in  the  following  table,  in  the  column 
headed  ^'multipliers,"  and  the  produce  will  express  the  number  of 
pounds,  inclusive  of  stack. 

Each  boat  of  every  vessel  is  allowed  one  anchor ;  the  weight  in 
pounds  to  be  obtained  bj  multiplying  the  square  of  the  extreme 
breadth  by  1.2. 


Over  8,700  tons  displaoement 

♦»    2,400     *•  " 

•*    1,900     **  " 

"    1,500     " 

44       goQ     **  ** 

Tinder  900     "  " 

Double-tnrret  monitors *. 

Single-turret  monitors 


^H 

2 

2 

2 

2 

2 

2X 

2 

2X 

2 

2!?i 

2 

3 

2 

1 

2 

... 

1 

2 

— 

— 

4 
3 
8 
8 
8 
S 
S 
2 


The  following  proportions  of  parts  is  an  average  of  those  in  use  : 

Length  of  shank,  100;  length  of  stock,  100;  length  of  arm,  40; 
radius  for  describing  curve  of  arms,  35  ;  angle  of  face  of  palm  with 
shank  51  ^ 

With  such  proportions,  the  angle  of  shank  with  the  ground  is  24°, 
and  that  of  the  blade  TS**. 

Mushroom- anchors,  used  for  moorings,  have  the  head  shaped  like  a 
bowl,  and  require  no  stock. 

Ice  anclwTS  are  formed  of  a  bar  of  round  iron  bent  in  the  form  of 
^  pot-hook ;  a  hole  is  cut  in  the  ice  and  the  point  inserted ;  the 
riding-hawser  is  bent  to  the  other  hook. 

A  Sea  Anchor. — This  anchor  may  frequently  be  of  the  greatest 
possible  use,  and  may  be  made  in  the  following  manner :  Take  three 
spare  spars  (top-gallant  studding-sail  booms  will  be  sufficiently  ]ar|>e  , 
with  these  form  a  triangle  t'le  size  you  think  will  bci  \«t^e.  «tiwv^^ 
when  under  water,  to  hold  the  ship ;  oat  these  Bpai&  \a  tV^  x^o^vt^^ 
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length  before  or  after  cross-lashing  them  well  nt  each  angle ;  then 
make  fast  yoar  sjians,  one  to  each  angle,  so  that  they  will  bear  an. 
equal  strain  when  in  the  water ;  bat  should  yonr  spars  be  weak, 
you  should  always  increase  the  number  of  spans  aoconlinglj ;  fill  up 
the  centre  of  the  triangle  with  strong  canvas,  haying  eyelet-holes 
round  its  Bides,  about  three  inches  apart,  to  which  eyelet-holes  at- 
tach the  canvas  securely  to  the  spars;  at  the  back  of  the  canvas 
pass  many  turns  of  inch  or  inch  and  a  half  rope,  net  fashion.  A 
proper  net  would  be  preferable  to  rope  so  expended.  To  the  base 
of  the  triangle  attach  a  weight  or  small  anchor,  supported  in  the 
'centre  of  the  base  by  a  span  running  from  each  of  the  lower  angles. 
To  the  first-mentioned  span  make  fast  the  stream  cable.  When 
everything  is  quite  ready,  hoist  or  put  it  overboard  from  the  place 
you  think  it  will  answer  best.  There  is  every  reason  to  believe  that 
with  this  anchor  under  the  trough  of  the  sea,  and  seventy  or  eighl^ 
fathoms  of  stream  cable  out,  that  a  ship^s  drift  would  not  be  vexy 
great. 

A  triangular  forra  is  used  iu  order  that  the  sea  may  strike  lightly 
on  the  part  near  the  surface. 

SAILS. 

Thb  material  in  general  use  for  sails  is  canvas  made  of  flax,  hemp, 
or  cotton.  The  caarser  and  heavier  qualities  are  used  in  the  large 
sails,  where  great  strength  is  required,  while  the  light  sails,  intended 
for  use  only  with  moderate  winds,  are  made  of  the  finer  qualities  of 
canvas. 

Flax  Canvas. — Flax  canvas  for  the  Navy  is  twenty  inches  wide, 
and  e  ich  bolt  contains  forty  yards.  The  blue  thread  is  one  and  five- 
eighth  inch  from  selvage  in  Nos  1  to  5  inclusive,  and  one  inch  in  Nos. 
6  to  9  inclusive.  The  warp  and  filling  of  Nos.  1,  2,  3,  4,  and  5  is  of 
double  thread ;  No.  6,  double  warp  and  single  filling ;  and  Nos.  7,  8, 
and  9,  single  warp  and  filling.  The  warp  is  rather  more  twisted 
than  the  filling. 

Cotton  Canvas. — Cotton  canvas  is  twenty-two  inches  wide,  and 
each  bolt  contains  fifty  running  yards. 

The  blue  thread  is  one  and  one-half  inch  from  selvage  in  Nos.  1, 2, 
and  3  ;  one  and  one-fourth  inch  in  Nos.  4,  5,  and  6 ;  and  three-fourths 
inck  in  Noa.  9  and  10.     The  iillin^^  is  btcoiis^t  XA^iaxl  the  warp. 
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Hammock  and  b:ig-8taff  is  forty-two  inches  wide  ;  cot-staff  is 
thirty  inches  wide.     The  bolts  contain  fifty  running  yards. 

All  raven^s  duck  has  thirty-five  yards  to  the  bolt ;  width  twenty- 
eight  inches. 

The  breadths  of  canvas,  cut  to  the  required  length,  are  sewed 
with  a  flat  double  seam,  using  flax  or  cotton  twine  according  to  the 
material  of  which  the  canvas  is  composed.  The  edges  of  sails  are 
finished  with  a  broad  hem  called  the  tabling,  and  to  this  is  sewed 
the  bolt-rope,  by  which  the  sail  is  rendered  capable  of  withstanding 
the  required  strain. 

Sails  are  divided  into  two  general  classes — square,  and  fore-and-aft. 
The  former  are  not  necessarily  rectangular.  The  principal  square 
sails  are  called  the  courses,  top-sails,  top-gallant  sails,  and  royals. 

They  are  also  named  from  the  mast  to  which  they  pertain,  as  the 
ma^n-conrse  or  maia-sail,  fore  top-sail,  mizzen  top-gallant  i^ail,  etc. 

The  upper  and  lower  edges  are  called  the  head  and  foot,  and  the 
sides  are  called  leedus.  The  roping  of  these  different  parts  is  also 
known  as  head-rope,  foot  lope,  and  leech-ropest.  The  sails  are  bent  to 
the  yards  by  means  of  yam  robans  passed  through  eyelet-holes  made 
in  each  seam  at  the  head  of  the  sail,  and  secured  to  a  jack-stny  on 
the  yard.  At  each  upper  comer,  loops  called  head-enngks  are 
worked,  through  which  small  ropes  called  head-earings  are  passed, 
and  by  which  they  are  made  fast  to  the  yard.  The  lower  corners  are 
called  cleDDS^  and  in  large  sails  are  fitted  with  clew-irons^  to  which  the 
tacks,  sheets,  and  dew-lines,  are  hooked. 

Reef-hands  are  strips  of  canvas  sewed  across  the  sail  parallel  to  the 
head. 

Beef-poirUs  are  short  pieces  of  rope  rove  through  eyelet-holes  at 
every  seam  in  the  reef-band,  and  serve  to  secure  the  reef -band  to 
the  yard  when  the  sail  is  reefed.  In  the  case  of  four  reef -bands,  the 
first  is  called  single  reef  second,  double  reef  third,  treble  reef,  and 
fourth,  dose  reef. 

Fore-and-aft  saOs  are  bent  to  the  gaffs  or  masts,  or  are  hoisted  upon 
the  stays.  In  a  square-rigged  vessel,  fore-and-aft  sails  ore  also  carried. 

Those  which  are  bent  to  the  gaffs  at  the  fore  and  main-masts  are 
called  try-sails,  and  that  at  the  mizzen-mast  is  called  the  spanker. 
The  try-sails  and  spanker  are  taken  in  by  means  of  brai'a  on  board 
men-of-war. 

All  jibs  and  stajr-saila  are  bent  to  hank%^  oi  laciny^  \»tv?ctsai^  ^-i^^ 
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the  stays.  They  are  hoisted  by  JmJliardJi^  hauled  down  by  doum-Iiattls, 
and  trimmed  aft  by  the  sheets.  The  jibs,  fore  stay-sail,  and  fore  top- 
mast slay-sail,  are  set  upon  the  stays  which  support  the  fore-mast, 
and  are  termed  the  head-saiis.  They  are  triangular  in  shape,  but 
the  stay-suils  which  set  between  the  masts  are  generally  quadrilateral, 
and  t  ike  their  names  from  the  stays  on  which  they  set. 

The  lower  corner  of  fore-and-aft  sails  is  called  the  tnck^  and  the 
same  term  is  applied  to  the  weather- clew  of  a  course.  The  edge  of  a 
fore-and-aft  sail  which  lies  along  the  stay  or  mast  is  termed  the  luff^ 
the  after  edge  is  known  as  the  leech^  and  the  lower  edge  as  the  foot. 

A  gaff  top  sail  is  generally  triangular  in  shape,  and  is  set  between 
the  topmast  and  the  gaff. 

The  lower  sails  of  fore-and-aft  rigged  vessels  are  named  from  the 
mast  on  which  they  are  set. 

The  depth  of  a  course  from  the  head  to  the  foot  is  termed  the 
drop.     The  same  dimension  of  other  square  sails  is  caUed  the  hoiat. 

At  each  end  of  the  reef -bands,  cfingles  are  worked  and  iron  thim- 
bles inserted. 

Reef-earings  are  used  in  securing  these  reef-cringles  to  the  yards 
when  the  sail  is  reefed. 

The  ropes  and  tackles  used  in  handling  these  sails  are  known  as 
?ial  uirds,  by  which  they  are  hoisted ;  sheets^  by  which  the  clews  arc 
extended  ;  clew-lines  and  clew-jiggers,  bunt-lines^  bunt-jiggers,  and 
leech-lines^  which  are  used  in  reducing  sail ;  bowlines,  which  steady 
the  leeches  when  close  to  the  wicd ;  braces,  by  which  the  yards  are 
moved  ;  and  reef-tackles,  which  assist  in  reefing  the  sails. 

JStonn  sails  are  made  of  the  strongest  canvas,  and  are  used  only  in 
the  heaviest  weather.  lu  large  vessels  the  principal  storm  sails  are 
the  storm  mizzen  and  fore  and  main  storm  stay-sails.  The  try-sails 
are  also  used  in  bad  weather  and  frequently  t^e  the  place  of  storm 
stay-sails.     These  sails  are  used  when  **  lying  to." 

When  on  a  wind,  ships  are  said  to  have  their  starboard  or  port 
tacks  aboard,  according  to  the  side  presented  to  the  wind;  but  fore- 
and-afters  are  said  to  have  their  port  or  starboard  sheets  aft. 

The  altitude  of  sails  set  by  halliards  is  called  the  hoist,  but  in  the 
case  of  the  courses  the  same  idea  is  conveyed  by  the  term  drop. 

Sails  should  sit  as  nearly  flat  as  possible.     In  American  pilot-boats 

nnd  jachts  the  sails  are  set  as  flat  as  boards,  and  laced  down  to 

injurs  or  booms.     The  superiority  ot  \j\i\a ^\a.Ti ^\i& ^"SLamplified  in  the 
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famous  race  between  the  yacht  America  and  the  English  Yacht 
Squadron.  While  there  was  not  much  difference  while  going  free, 
the  America  distanced  all  her  competitors  as  soon  as  hauled  up  to 
make  a  stretch  to  windward. 

Cutting  Out  Sails. 

The  draft  of  the  ship  and  spars  is  of  great  service  to  the  sail-maker, 
as  by  it  he  can  measure  for  and  cut  out  the  sails.  In  cutting  out,  it 
is  a  primary  object  to  cut  the  various  gores  so  that,  when  brought 
together,  the  form  required  will  be  produced,  with  the  least  possi- 
ble waste  of  canvas.  This  is  done  by  casting  the  number  of  inches 
contained  in  each  gore,  so  that  when  put  together  the  sum  shall  be 
equal  to  the  number  contained  in  the  after  leech-cloth  of  a  fore-aud- 
af  t  sail. 

The  same  practice  obtains  in  square  sails.  Sails  are  cut  out,  cloth 
by  cloth,  according  to 'the  number  of  cloths  the  width  requires,  al- 
lowing for  seams,  tabling,  and  slack  cloth. 

In  sails  cut  square  on  the  head  and  foot, with  gores  on  the  leeches, 
the  cloths  on  the  head  are  cut  square  to  the  depth ;  and  the  gores 
on  the  leeches  are  found  by  dividing  the  depth  of  sail  by  the  number 
of  cloths  gored.  By  drawing  on  paper  the  gored  side  of  the  sail,  by 
a  convenient  scale  of  parts,  the  length  of  each  gore  may  be  exactly 
found. 

The  foot  of  square  sails  is  Toached^  so  as  to  avoid  chafing  by  boats 
or  stays  in  the  line  of  their  middle  parts. 

SailSs  have  a  double  flat  seam,  and  should  be  sewed  with  best  twine 
of  three  threads,  and  have  from  one  hundred  and  ten  to  one  hundred 
and  eighteen  stitches  in  every  yard  of  length. 

All  sails  should  be  sewed  quite  home  and  well  rubbed  down  after- 
ward. The  twine  is  waxed  with  beeswax  mixed  with  one -sixth  part 
turpentine,  and  for  small  sails  the  beeswax  may  be  mixed  with  an 
equal  portion  of  hog's  lard. 

Boom  main-sails  and  the  spankers  of  ships  have  the  seams  broader 
at  the  foot  than  at  the  head. 

The  seams  of  heavy  sails  are  usually  1^  inches  wide,  and  treble 
seamed  down  the  middle  of  the  seam  ;  those  of  lighter  sails  are  one 
inch  wide. 

One  man  can  aew  one  bundled  yards  in  ten  "hoxuca,  ^isi^"^  ^^«sxu 
19 
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The  tablings  are  of  a  proportionate  breadth  to  the  sail,  andBewed 
with  about  seventy-two  stitches  in  a  yard. 

Sails  are  strengthened  with  additional  canvas,  called  linings,  in 
those  places  most  exposed  to  strain  or  wear.  Fore-and-aft  sails  are 
strengthened  at  the  clews  by  tack-pieces ;  and  jibs  often  have  a 
strain-band. 

Sails  are  usually  supplied  ready  made,  but  require  fitting  with 
points,  earings,  bow-line  bridles,  beckets,  and  robands.  Their  edges 
I  are  tabled.  The  tabling  of  large  sails  is  reinforced  at  the  clews  and 
fort  by  a  third  fold  of  canvas  sewn  in.  The  tablings  and  clew- 
patches  are  placed  on  the  after  side  of  square  sails,  and  on  the  part 
side  of  fore  and  aft  sails. 

Reef-Bands. — Courses  have  two  reef -bands  on  the  fore  side,  the 
first  one-sixth  the  drop  of  the  sail  from  the  head,  and  the  other  the 
same  distance  below  it.  A  belly-band  is  also  placed  half  way  be- 
tween the  lower  reef  and  the  foot. 

Top-sails  have  four  reef -bands,  the  lower  of  which  is  at  half  the 
depth  of  the  sail.     Small  top-saiJs  are  often  fitted  with  three  bands. 

There  is  also  a  belly-band  half  the  distance  between  the  lower  reef 
and  the  foot. 

Top-gallant  sails  usually  have  one  reef-band,  though  seldom  used. 

Spankers  have  usually  two  reef-bands,  one  running  diagonally 
termed  baldnce-reef. 

The  term  balance-reef  is  also  applied  to  the  close-reef  in  fore-and- 
afters. 

The  jib  has  a  reef-band,  and  sometimes  a  bonnet,  which  laces  to 
the  foot  of  the  sail.  The  lug  fore-sails  of  some  schooners  have  bon- 
nets also. 

Hoping  on  the  leeches  of  square  sails  is  sewn  on  with  enough  slack 
canvas  to  allow  the  rope  to  stretch. 

In  the  leeches  of  fore-and-aft  sails,  a  sufficient  amount  of  slack 
rope  is  introduced  to  prevent  the  foot  from  curling  up. 

Spankers  usually  have  an  allowance  for  stretch  of  3^  inches  to 
each  yard  of  foot,  1^  to  each  yard  of  head,  and  2|  in  each  yard  of 
leech. 

Sails  are  always  bent  with  their  roping  next  the  yard  or  gaff,  to 
avoid  cutting  the  stitches  by  chafe.  In  square  sails  the  roping  is  on 
^jbo  after  side ;  in  fore-and-aft  sails  u&u&Uy  on  the  port  side.  The 
foot-roping  ia  the  stoutest. 
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To  Find  the  Number  of  Square  Yards  in  Sails. 
Head  x  Depth  +  Depth  x  ^  difference  of  Head  and  Foot. 


EXAMPLE. 

Head 

—      43i  cloths      —      29    yards 

Foot 

=      46    cloths      =      30i  yards 

Depth 

=      12f  yards 

29  X  12.66  =  367.14 

12.66  X      .75  =      9.50 

376.64  square  yards. 
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Table  for  Oomputing  the  Area  of  Sails. 


List  of  Sails. 


Square  Haila. 

Courses lY^.^ ' 

I  Main. 

m         ii  (  Fore 

Top-sail 


Top-gallant  sails, 


Boyals. 


iFore ... 
Main 
Mizzen . 

I 

JFo 
-I  Me 
(Mi 


Fore 
Main. . . 
Mizzen., 
Fore ... 
Main. . . 
Mizzen. 


Fore-atid-Aft  Sails. 

Flying-jib 

Jib. 

Fore  top-mast  stay-sail 

Fore  try -sail 

Main  try-sail 

Spanker 


Studding  Sails. 


No.    OF  TABDS 
IN  KACH. 


Abka  in 
bquabe  f£et. 


Total  Abra  Squabe  Sails. 


Total  Abea  with  All  Sail. 


Total  ABKA. 


Deduction  for  Reefs. 


For  single  reefs,  deduct 
**    double  ** 

"    treble  ** 

''  close  " 


sq.  feet. 


n 
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PAINTING  SHIP.* 

White-Lbad  is  the  principal  ingredient  in  all  ordinary  colors  need 
in  painting.  The  quaUty  is,  therefore,  of  the  greatest  importance.  It 
is  most  diHicult  to  get  it  free  of  adulteration.  The  cheap  kinds  are 
adulterated  by  *'  barytes,"  which  renders  it  of  a  lees  compact  body, 
and  causes  it  to  be  much  more  easily  acted  upon  by  the  atmosphere. 
White -lead  improves  by  keeping.  In  mixing,  the  oil  and  the  tur- 
pentine should  be  thoroughly  incorporated  with  the  white-lead. 
If  patent  dryers  are  used,  the  proportion  is  about  half  an  ounce  to  a 
pound  of  color. 

Zinc  White  is  more  durable  than  white -lead  ;  it  is  extremely 
pure,  but  possesses  little  body. 

Vkgetable  Black. — This  is  the  cheapest  and  best  black  for  all 
ordinary  work.  In  a  dry  state  it  resembles  soot,  and,  being  free 
from  grit,  does  not  require  grinding.  It  should  be  mixed  with  boiled 
oil. 

Vebmilion,  in  a  state  of  powder,  may  be  tested  by  placing  a 
dust  of  it  on  a  sheet  of  clean  white  paper,  and  crushing  it  with  ihe 
thumb-nail.  If  pure  it  will  not  change  its  color  by  any  amount  of 
rubbing  ;  but  if  adulterated,  it  will  become  a  deep  chrome  yellow, 
or  assume  the  appearance  of  red-lead,  with  which  article  it  is  mixed 
in  order  to  cheapen  it.  This  accounts  for  the  unstable  quality  of 
the  inferior  kinds  of  vermilion.  When  using  vermilion,  if  necessary 
to  give  two  coats,  both  should  be  of  the  best  quality. 

Blub. — The  most  serviceable  blue  for  the  painter  is  French  ultra- 
marine. It  is  a  permanent,  kindly-working  color,  and  affords  a  va- 
riety of  clear  tixits  when  mixed  with  white.  It  is  a  brilliant  blue, 
and  preserves  its  purity  when  reduced  in  tone  by  the  addition  of 
white. 

It  may  be  deepened  by  Prussian  blue  or  indigo,  or  by  a  trifling 
addition  of  vegetable  black. 

Green,  like  black,  should  be  mixed  with  boiled  oil,  or  boiled  oil 
and  varnish,  and  not  with  linseed-oil  and  turpentine. 


•  Tartidas  of  these  remarkB  are  extracted  from  The  aa\\ox*a"PQ«^"e\.-'^osJK.» 
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Mixing  Colors. 

Cream  Color. — Chrome  yellow,  the    best  Venetiaii  red,  and 
white-lead. 

Fawn  Color. —Burnt  sienna,  ground  very  fine,  mixed  with  white- 
lead. 

Drab. — Raw  or  burnt  umber  and  white-lead,  with  a  little  Vene- 
tian red. 

Purple. — ^White-lead,  Prussian  blue,  and  vermilion. 

Violet. — White -lead,  French  ultramarine,  vermilion,  and  a  small 
portion  of  black. 

French  Gray. — White- lead  and  Prussian  blue,  tinged  with  ver- 
milion. 

Salmon  Color. — White-lead,  tinged  with  Venetian  red. 

Imitation  op  Gold. — Mix  white-lead,  chrome  yellow,  and  burnt 
sienna  until  the  proper  shade  is  obtained. 

Proportions  for  Mixing  Black  Paint. 

Black 28  lbs. 

Linseed-oil,  raw f  gallon. 

Linseed-oil,  boiled f  gallon. 

Litharge 1^  lb.,  or  patent  dryers. 

Total  weight 43^  lbs.  mixed  color. 

One  pound  of  black  paint  will  cover  five  square  yards. 

"SoTR.—A  little  salt  added  to  black  paint  loill  prevent  bUaterint/, 

Proportions  for  Mixing  White  for  Between  Decks. 

White-lead 28  lbs. 

Patent  dryers li  lbs.,  or  liquid — i  pint. 

Linseed-oil,  raw ; .       f  gallon. 

Turpentine i  gallon. 

Total  weight SQ^  lb*,  mixed  oolor. 
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White  for  out-door  work,  as  before,  omitting  one-fourth  of  the 
turpentine  and  substituting  oil.  One  pound  of  white  paint  will 
cover  four  square  yards.     On  new  work  one-third  less  is  covered. 

Stone  Color. — Same  proportions  as  the  white ;  stained  with  burnt 
umber  and  spruce  ochre ;  ground  in  oil  to  the  tint  required. 

Mast  Oolor. — Same  proportions  as  oat-door  white  ;  stained  with 
spruce  yellow  ochre  and  a  little  Venetian  red  to  the  tint  required. 

Copper  Color  Paint. 

{A  very  good  recipe,) 

Six  parts  of  spruoe  ochre,  one  part  Venetian  red,  and  one  part  of 
black. 

Bronze  Paint. 

Chrome  green «  2  lbs. 

Ivory  black 1  oz. 

Chrome  yellow 1  oz. 

Good  Japan 1  gilL 

Grind  altogether,  and  mix  with  linseed-oiL 

Removing  Old  Paint. 

Nothing  is  so  efficacious  as  heat,  applied  by  a  small  brazier  with 
a  handle. 

One  part  of  pearlash  mixed  with  three  parts  of  quick  stone-lime, 
(by  slaking  the  lime  in  water  and  then  adding  pearlash),  laid  over 
paint  work,  and  allowed  to  stand  14  or  16  hours,  will  soften  it  so 
that  it  can  be  easily  scraped  off. 

Gilding. 

Books  of  gold* leaf  contain  twenty-five  leaves.  Gilders  estimate 
their  work  by  the  number  of  **  hundreds  "  it  will  take  (meaning  one 
hundred  leaves)  instead  of  the  number  of  books. 

Gk>ld-leaf  should  fall  freely  from  the  book  on  the  leaves  being 
opened,  without  any  particles  sticking  to  the  paper. 

The  simplest  w^y  to  use  gold-leai  is  as  f  oHoYra;  ^xooxit^  ^  0i^i»3\. 
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sheet  of  silver  or  tissiie- paper,  of  not  too  g^eat  a  density,  and  rab  it 
over  lightly,  on  one  side  only,  with  a  piece  of  white-wax — beeewaz 
or  wax-candle  will  do.  The  paper  shoold  be  placed  on  something 
flat,  80  that  the  wax  is  spread  evenly. 

After  waxing,  a  sheet  of  paper  should  be  set  into  squares  a  little 
larger  than  the  leaves  of  the  book  of  gold,  which  should  be  opened, 
and  the  waxed-side  of  the  tissue-paper  gently  pressed  on  the  gold- 
leaf.  On  removing  the  paper,  the  gold-leaf  will  be  found  attached 
to  it,  and  is  ready  for  use.  All  that  the  gilder  has  to  do  is  to  cat  it 
mto  convenient  strips,  and  pressing  it  on  the  sized-surface,  the  gold 
will  readily  leave  the  paper.  The  work  should  be  finished  by  gently 
dabbing  it  with  a  pad  of  cotton-wool.  .«. 

Gilt  work  exposed  to  the  weather  lasts  much  longer  if  it  receives 
a  coat  of  clear  varnish  when  finished. 

Size. — Oil  gold-size  gives  the  best  results,  but  requires  time- 
twelve  hours  or  so — before  it  gets  *  *  tacky  "  enough.  Japanner's 
gold-size,  on  the  other  hand,  dries  very  quickly,  and  is  useful  when 
pressed  for  time. 

In  estimating  amount  of  gold-leaf  required  for  gilding  ordinaiy 
grooved-mouldings,  round-boats,  etc.,  remember  that  one  leaf  covers 
about  nine  inches. 

USEFUL  PRACTIOAL  RECIPES. 

Paint  for  Tarpaulins. — Add  tv^elve  ounces  of  beeswax  to  one  gal- 
lon of  linseed -oil ;  boil  it  for  two  hours ;  prime  the  cloth  with  this 
mixture,  and  use  it  in  place  of  boiled  oil  in  mixing  the  paint. 

To  Kill  Knots. — All  knots  should  be  killed  before  painting,  other- 
wise the  turpentine  will  exude.  Cover  them  with  fresh  slaked  lime 
for  twenty-four  hours ;  scrape  lime  off  and  lay  on  a  coat  of  red  and 
white-lead  mixed  with  glue-size.  Pumice-stone  when  dry,  and  lay 
on  some  paint. 

AnotJier. — One  pint  of  vegetable  naphtha,  one  teaspoonful  of  red- 
lead,  quarter  pint  of  japanner's  gold-size,  seven  ounces  of  shellac. 
Add  them  together,  set  in  a  warm  place  to  dissolve,  and  let  the 
whole  be  frequently  shaken.     Coat  the  knots  with  it. 

Distemper. — May  be  used  instead  of  and  looks  better  than  white- 
wash. One  hundred  and  twelve  pounds  whiting,  twenty-eight 
pounds  white-lead^  and  seven  pounds  ^Iwe^  mixed  with  boiling  water. 
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Putty. — Well  dried  and  sifted  Spanish  whiting,  fifty -six  pounds, 
and  one  gallon  linseed  oil  well  mixed,  left  for  three  days,  aud  then 
worked  up  again  before  using. 

To  fiftj-six  pounds  of  whiting  add  three  pounds  of  glue  boiled  in 
half  a  gallon  of  water.  A  littie  alum  added  has  a  good  effect  in 
hardening. 

To  Make  8ixe. — Parchment  chippings  make  the  best.  Put  them 
in  an  iron  kettle,  and  fill  with  water ;  let  it  stand  twenty- four  hours ; 
then  boil  for  five  hours,  occasionally  taking  off  the  scum.  Strain 
through  a  coarse  cloth. 

If  the  size  is  required  to  be  kept  any  length  of  time,  dissolve  three 
ounces  of  alum  in  boiling  water,  and  add  to  each  bucketful.  Then 
boil  again  till  it  beoomes  strong,  and  strain  a  Eecond  time. 

Boiled  Oil  for  Quick-dr3^g  purposes. — With  two  gallons  of 
linseed-oil  mix  two  pounds  of  litharge  and  one  pound  of  red-lead. 
J^eep  it  on  the  fire,  allowing  the  heat  to  increase  slowly  ;  boil  for 
tihree  hoars ;  then  remove  it  from  the  fire,  and  let  it  btand  twenty- 
:four  hours;  take  off  the  scum,  and  it  will  be  ready  for  use. 

Boiled  OiL — To  sixteen  gallons  of  oU  when  boiling,  add  one  found 
«f  red-lead  and  one  pound  of  powdered  litharge.  Boil  six  hourH. 
Another  :  Four  and  one-half  gallons  of  raw  oil,  one  pound  of  cop- 
;peras,  two  pounds  of  litharge.  Put  the  litharge  and  copperas  in  a 
<;loth  bag,  and  suspend  in  t£e  kettle.  Boil  five  hours  over  a  slow 
£re,  dien  let  it  stand. 

Baked  Oil. — Into  an  iron  pot  put  half  a  gallon  of  linsced-oil,  to 
^which  add  half  a  pound  of  litharge ;  boil  carefully  ;  keep  it  simmer- 
ing for  twelve  or  fourteen  hours,  and  if  when  a  little  cooled  it  will 
clraw  into  a  thready  the  oil  will  be  ready  for  use. 

Black  Varnish. — To  asphaltnm  and  spirits  of  turpentine,  add  a 
small  portion  of  baked  oil.  Another :  To  baked  oil  dissolved  in 
spirits  of  turpentine,  add  Frankfort  black. 

Black  Japan  Varnish. — Bitumen,  two  ounces;  lamp-black,  one 
ounce;  Turkey  umber,  one -half  ounce ;  acetate  of  lead,  one-half 
ounce ;  Venice  turpentine,  half -pint ;  boiled  oil,  twelve  ounces. 
Melt  the  turpentine  and  oil  together,  carefully  stirring  in  the  other 
ingredients  preyiously  powdered.  Simmer  all  to^«tXi'(£t  Iqtl  \<^^ 
minutes. 
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Black  Japan  for  Metals. — Bnmt  umber,  four  ounces ;  asplialtam, 
one  and  one-ha]f  ounce ;  boiled  oil,  two  quarts ;  mix  by  heat,  and 
thin  with  turpentine. 

Vermilion  Varnish. — Baked  oil  dissolved  in  spirits  of  turpentine, 
with  vermilion  added. 

Ijac  Varnish. — Five  parts  of  lac,  one  of  turpentine,  dissolved  in 
five  times  its  weight  of  alcohol ;  keep  warm  until  fluid,  then  strain 

Spar  Varnish. — Boiled  oil  and  resin. 

Cabinet-maker's  Varnish. — Pale  shellac,  seventy  parts ;  mastic, 
seven  parts;  strong  alcohol,  one  hundred  purts.  Dissolve,  luid  dilute 
with  alcohoL 

Cabinet  Varnish. — Fused  copal,  fourteen  pounds ;  hot  linseed-oil, 
one  gallon ;  hot  turpentine,  three  gallons.  Properly  boiled,  dries 
very  quickly. 

Cheap  Oak  Varnish. — Dissolve  three  and  one-half  pounds  of  {Mile 
resin  in  one  gallon  of  oil  of  turpentine. 

Conunon  Varnish. — Dissolve  one  part  of  shellac  in  seven  parts  of 

alcohol. 

Copal  Varnish. — Copal,  thirty  parts  ;  drying  linseed-oil,  thirteen 
to  twenty-five  parts  ;  spirits  of  turpentine,  fifty  parts.  Fuse  the 
copal  as  quickly  as  possible  ;  add  the  oU,  previously  heated  to  nearly 
boiling  point,  mix  well,  then  cool  a  little  and  add  the  spirit-s  of  tur- 
pentine ;  again  mix  well,  and  cover  up  till  cooled  to  about  180°  F., 
then  strain. 

White  Copal  Varnish. — Copal,  sixteen  parts ;  melt  and  add  hot 
linseed-oil,  eight  parts ;  spirits  of  turpentine,  fifteen  parts ;  ccdor 

with  the  finest  white-lead. 

White  Varnish. — Copal,  eight  ounces;  camphor,  one  ounoe;  al- 
cohol, of  ninety-five  per  cent.,  one  quart;  dissolve,  then  add  two 
ounces  of  mastic,  one  ounce  Venice  turpsntine ;  again  di8solve,-and 
strain. 

White  Varnish  for  Range  Tables,  etc. — White  resin  and  tur- 
pentine, dissolved  in  a  close  bottle  placed  in  hot  water  on  a  stove. 
Or  :  Canada  balsam,  one  ounce ;  spirits  of  turpentine,  two  ounces ; 
mix  them  together.     Before  varnishing,  the  work  should  be  sized. 

Varnish  for  Painting  on  Gla&H.— ^«2i^«  qiv&  Qi\niKft  ot  dear  resin; 
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melt  it  in  an  iron  vessel ;  when  all  is  melted,  let  it  cool  a  little,  but 
not  harden ;  then  add  turpentine,  sufficient  to  keep  it  in  a  liquid 
state.     When  cold,  use  it  with  colors  ^ound  in  oil. 

Gk>ld  Varnish. — Turmeric,  one  drachm ;  gamboge,  one  drachm  ; 
oil  of  turpentine,  one  quart ;  shellac,  five  ounces  ;  sandarach,  five 
ounces  ;  dragon^s-blood,  seven  drachms ;  thin  mastic  vami»h,  eight 
ounces.  Digest,  with  occasional  shaking,  for  fourteen  days  in  a 
warm  place ;  set  it  aside  to  fine,  and  pour  off  the  clear. 

Mastic  Varnish. — Gum-mastic,  five  pounds;  spirits  of  turpen- 
tine, two  gallons.  Mix, with  gentle  heat,  in  a  close  vessel ;  then  add 
pale  turpentine  varnish,  three  pints. 

Varnish  for  Iron- work. — Dissolve,  in  two  pounds  of  tar-oil,  one- 
half  pound  asphaltum,  and  one-half  pound  powdered  resin.  Mix  hot, 
and  apply  cold. 

Varnish  for  Metals. — Dissolve  one  part  of  bruised  copal  in  two 
parts  of  strong  alcohol.     It  dries  very  quickly. 

French  Polish. — Five  ounces  of  naphtha,  one  ounce  of  shellac, 
one  drachm  of  myrrh,  ten  grains  of  isinglass,  and  six  drachms  of 
olive  oil. 

French  Polishing. — Pour  a  little  linseed -oil  into  one  cup,  and 
some  polish  into  another ;  roll  a  piece  of  woollen  rag  into  a  bale, 
saturate  it  with  polish,  and  cover  with  a  piece  of  linen  drawn  tightly 
over  it.  Apply  one  drop  of  oil  and  one  drop  of  polish  to  the  surface 
of  the  pad,  and  it  is  ready  for  use.  The  work  having  been  thor- 
oughlj  smoothed,  the  polishing  is  commenced  with  free,  circular 
strokes,  applied  with  very  slight  pressure,  and  having  care  that  each 
part  receives  an  equal  amount  of  polish.  Finish  off  with  a  little 
spirits  of  wine  applied  on  a  clean  rubber. 

Oil  Polish. — Dissolve  resin  in  turpentine  to  about  the  consistency 
of  treacle  ;  add  two  pints  of  linseed-oil  to  one  of  resin  and  turpen- 
tine. 

Staining. 

Black  Stain. — Quarter-pound  logwood ;  six  ounces  green  copperas ; 
half  a  gallon  vinegar.     Lay  on  warm. 

Another. — Boil  half-pound  logwood  in  two  quarts  water  ;  add  one 
ounce    pearlash,   half -ounce   verdigris,    and  haVt-ouuo^   CiCi>\>^^T^^, 
Strain,  put  in  half -pound  rasty  Bteel  filings,  and  \ay  on  'varrev. 
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Mahogany  Color  {Dark), — Boil  together,  in  a  gallon  of  water, 
half-pound  of  madder  and  two  ounces  of  logwood.  When  the  wood 
is  dry,  after  having  been  washed  over  with  the  hot  liquid,  go  oyer 
again  with  a  solution  of  two  drachms  of  pearlash  in  a  quart  of 
water. 

Mahogany  Color  (Z^^/ii).-— Wash  the  surface  with  diluted  nitrous 
acid,  and  when  dry  use  the  following:  dragon's-blood,  four  ounces; 
soda,  one  ounce  ;  spirits  of  wine,  three  pints.  When  well  dissolved, 
strain. 

Rosewood. — Boil  eight  ounces  of  logwood  in  three  pints  of  wattr 
until  it  is  reduced  one -half.  Apply  boUing  hot  two  or  three  times. 
The  stain  for  the  streaks  is  made  from  a  solution  of  copperas  and 
verdigris  in  a  decoction  of  logwood. 

Ebony. — Wash  the  wood  with  a  solution  of  sulphate  of  iron  ;  when 
dry  apply  a  mixture  of  logwood  and  nutgalls  ;  wipe  with  a  sponge 
and  polish  with  linseed-oil. 

To  Dye  Bright  Red. — Take  two  pounds  of  red  Brazil  dnst,  and 
four  gallons  water ;  put  in  veneers  until  well  covered,  boil  for  three 
hours,  and  allow  it  to  cool ;  then  throw  in  two  ounces  alum,  one 
ounce  nitric  acid,  and  keep  lukewarm  until  the  mixture  has  struck 
through.     * 

To  Dye  Yellow. — Take  two  pounds  of  the  roots  of  barberry,  re- 
duced to  dust,  two  gallons  of  water ;  and  two  ounces  of  turmeric. 
Put  in  as  many  veneers  as  the  liquor  will  cover;  boil  for  three 
hours,  often  turning  them.  When  cool,  add  two  ounces  of  nitric 
acid,  to  assist  the  dye  in  striking  through. 

To  Color  Light  Woods. — Curly- veined  birch  and  beech,  regu- 
larly brushed  with  aquafortis,  and  dried  by  heat,  look  remarkably 
like  mahogany. 

Another  method  is  to  smear  the  surface  with  a  strong  solution  of 
permanganate  of  potash.  About  five  minutes  will  generally  sufi&ce. 
When  the  action  is  ended,  the  wood  is  carefully  washed,  allowed  to 
dry,  and  afterward  oiled  and  polished  in  the  ordinary  manner. 

A  strong  solution  of  nitric  acid  will  stain  wood  black.  Dilute 
nitric  acid  will  produce  yellow  on  wood. 

Black  Gun  Polish. — Four  ounces  resin,  two  ounces  lamp-blaok, 
^wo  ounces  ahellac,  one  quart  Imaeed-oW.     "ftoVV  ^l\»i  vsuytites;  then 
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add  three  onnees  beeswax,  half  pint  of  turpentine.     For  bronzed 
guns,  omit  the  lamp-black. 

Black  Polish  for  Iron. — Coal-tar,  one  pint;  lamp-black,  one 
ounce ;  hellebore,  half-ounce  ;  beeswax,  one  ounce.  Vhe  beeswax 
and  hellebore  to  be  dissolved  in  the  turpentine ;  then  add  the  lamp- 
black and  tar.     Mix,  warm  it  well,  and  apply  afc  once. 

Lacquering. 

Lacquer  is  put  on  in  two  ways,  called  cold  lacquering  and  hot 
lacquering.  By  the  former  a  little  lacquer  is  laid  evenly  ov(  r  the 
work  with  a  camel-hair  varnish  bru^h ;  it  is  then  heated  for  a 
minute  or  two  to  set  the  lacquer.  By  the  second  method  the  work 
is  heated  first,  and  the  lacquer  brushed  quickly  over  it.  The  great 
difficulty  is  to  determine  the  exact  degree  of  heat,  and  this  knowl- 
edge can  only  bo  obtained  by  experience. 

To  Make  Lacquer. — Mix  the  ingredients,  and  let  them  stand  in 
a  warm  place  for  two  days,  shaking  them  frequently  until  the  gum 
is  dissolved  ;  then  let  them  settle  for  two  days,  and  pour  off  the  clear 
liquor  ready  for  use.  Pulverized  glass  is  sometimes  used  to  carry 
off  impurities. 

To  Prepare  Brass  for  Lacquering. — Clean  the  surface  of  the 
work  as  well  as  possible,  place  it  in  aquafortis  and  water ;  leave  it 
there  some  time,  and  then  put  it  into  hot  sawdust,  and  shake  about 
until  thoroughly  dry. 

Brass  Lacquer. — Seed-lac,  dragon* s-blood,  annatto,  and  gam- 
boge, of  each  four  ounces ;  saffron,  one  ounce  ;  spirits  of  wine,  ten 
pints. 

Anotlie?', — Methylated  spirits  of  wine,  one  gallon ;  seed-lac, 
bruised,  ten  ounces  ;  red  sanders,  half  an  ounce.    Dissolve  and  strain. 

Gold  Lacquer  for  Brass  not  Dipped. — Alcohol,  four  gallons  ; 
turmeric,  three  pounds ;  gamboge,  three  ounces ;  gum-sandarach, 
seven  pounds  ;  shellac,  two  pounds  ;  turpentine-varnish,  one  pint. 

Gold  Lacquer  for  Dipped  Brass. — Alcohol,  thirty-six  ounces; 
seed-lac,  six  ounces;  amber,  two  ounces  ;  gum-gutta,  two  ounces: 
red  sandal-wood,  twenty -four  grains  ;  dragon's-blood^  sixty  ^ralua  \ 
oriental  saffron,  ihirbjr-six  grains  ;  pulverized  glaaa.,  toxxx  Q.>\T\R<i^» 
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Pale  Lacquer  for  Brass. — Aloohol,  eight  gallons  ;  dragon^s-blood, 
four  pounds ;  annatto,  twelve  pounds ;  gam-sandarach,  thiiteen 
pounds  ;  turpentine,  one  gallon. 

Lacquer  Varnish. — ^Add  sufficient  turmeric  and  annatto  to  lac-Ytf* 
nish  to  give  the  proper  color  ;  then  strain. 

Iron  Lacquer. — Three  pounds  asphaltum  :  half-pound  shellao; 
one  gallon  turpentine. 

Dipping  Acids. 

Aquafortis  Bronze  Dip. — Nitric  acid,  eight  ounces  ;  mnriatio 
acid,  one  quart ;  sal-ammoniac,  two  ounces ;  alum,  one  ounce ;  salt, 
two  ounces  ;  water,  two  gallons.  Add  the  salt  after  boiling  tbe 
other  ingredients,  and  use  hot. 

Brown  Bronze  Dip. — Iron  scales,  one  pound ;  arsenic,  one 
ounce  ;  muriatic  acid,  one  pound.  A  piece  of  solid  zinc,  one  ounce 
in  weight,  to  be  kept  in  while  using. 

Brown  Bronze  Paint  for  Copper  Vessels. 

Tincture  of  steel,  four  ounces  ;  spirits  of  nitre,  four  ounces ;  es- 
sence of  dendi,  four  ounces  ;  blue  vitriol,  one  ounce ;  water,  half 
pint.  Mix  in  a  bottle,  and  apply  with  a  fine  brush,  the  vessel  being 
full  of  hot  water.     Varnish  over  the  paint. 

Snamels. 

White  Enamel. — Potash,  twenty-five  parts ;  arsenic,  fourteen 
parts ;  glass,  thirteen  parts ;  saltpetre,  twelve  parts  ;  flint,  five  parts ; 
and  litharge,  three  parts. 

Black  Enamel. — Clay,  two  parts ;   protoxide  of  iron,  one  part. 

Blue  Enamel. — Fine  paste,  ten  parts;  nitre,  three  parts.  Color 
with  cobalt. 

Green  Enamel — Frit,  one  pound ;  oxide  of  copper,  half  an 
ounce ;   red  oxide  of  iron,  twelve  grains. 

Yellow  Enamel. — White  lead,  two  parts;  alum,  white  oxide  of 
antimony,  and  sal-ammoniac,  each  one  part. 

Tracing  Paper. 

Nut-oil,  four  parts ;  turpentine,  five  parts  ;  mix  and  apply  to  the 
paper,  then  rub  dry  with  Hour  and  brush  it  over  with  ox-gaU. 
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Inks. 

Indian  Ink. — Finest  lamp-black  made  into  a  thick  paste  with 
thin  isinglass  or  gum-water,  and  moulded  into  shape.  It  may  be 
scented  with  essence  of  musk. 

iNDEiiiBLE  Ink  fob  Mabking  Linen,  etc. — Juice  of  sloes,  one 
pint ;  gnm,  half  an  ounce.  Another :  Nitrate  of  silver,  one  part ; 
water,  six  parts  ;  gum,  one  part 

Perpetual  Ink  for  Tombstones,  etc.— Pitch,  eleven  parts; 
lamp-black,  one  part;  turpentine,  sufficient;  mix  while  warm. 

OoFTiNG  Ink. — Add  one  ounce  of  sugar  to  a  pint  of  ordinary  ink. 

Oomposition  for  rendering  Oanvas  Water-proof. — Yellow  soap 
one  pound,  boiled  in  three  quarts  of  water ;  add  while  hot  to  one 
liondred  and  twelve  pounds  of  paint. 

Water-proofing  for  Boots. — Linseed-oil,  one  quart ;  beeswax,  six 
f>nnces ;  spirits  of  turpentine,  four  ounces ;  Burgundy  pitch,  one 
ounce.  Melt  the  wax  and  oil  together  and  dissolve  the  pitch  in  the 
turpentine ;  pour  both  into  a  jar,  and  place  it  in  a  saucepan  with 
"water,  bo^l  and  stir  till  well  mixed.  Beware  of  fire  getting  near  it, 
1U3  it  is  very  inflammable. 

To  Water-proof  Oloth. — Make,  after  the  following  manner,  two 
separate  solutions : — 1,  dissolve  one  pound  of  sugar  of  lead  in  one 
gallon  of  water ;  2,  dissolve  one  pound  of  alum  in  one  gallon  of 
Avaber.  Dip  the  cloth  first  in  the  solution  of  lead,  and  when  nearly 
^ry  dip  it  in  the  solution  of  alum,  then  dry  it  in  the  air  or  before 
"the  fire.     This  process  may  be  used  fo|:  coats. 

To  Preserve  Sails. — Slaked  lime,  two  bushels.  Draw  off  the  lime- 
-water and  mix  it  with  one  hundred  and  twenty  gallons  water  ;  add 
Tblue  vitriol,  quarter  pound. 

To  Preserve  Wood^work. — Boiled  oil  and  powdered  charcoal, 
«acli  one  part;  mix  to  the  consistency  of  paint.     Lay  on  two  coats. 

To  Clean  Brass. — Brass  that  has  not  been  gilt  or  lacquered  may 
1t>e  cleaned  by  washing  with  alum  boiled  in  strong  lye,  in  the  pro- 
portion of  an  ounce  to  a  pint ;  afterwards  rub  with  strong  tripcli. 

To  Prevent  Iron  from  Rusting. — ^Warm  it,  then  rub  with  white- 
wax  ;  warm  again  to  aJlow  the  wax  to  pervade  tYie  eii\I\i^  ^\£d»f:^^« 
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Ox  immerse  the  iron  in  boiled  linseed-oil,  and  allow  it  to  dry  upon 
the  metal. 

Stains  {to  remove), — Stains  of  iodine  are  removed  by  rectified 
spirit.  Ink-stains  bj  oxalic  acid.  Ironmould  by  the  same  ;  bat,  if 
obstinate,  moisten  them  with  ink,  and  remove  both  the  old  and  nev 
stain  by  the  use  of  mnriatio  acid  diluted  by  five  times  its  weight  of 
water. 

Red  spots  on  cloth  can  be  removed  by  spirits  of  ammonia. 

To  clean  gold  lace,  use  cyanide  of  potassium. 

Mabking-Ink,  or  Nitrate  op  Silver. — Wet  the  stain  with  fresh 
solution  of  chloride  of  lime,  and,  when  the  mark  becomes  white,  dip 
the  part  in  solution  of  ammonia.     Wash  out  with  clean  water. 

To  Preserve  Olijects  of  Natural  History. — ^White  arsenic,  one 
pound  ;  powdered  hellebore,  two  pounds. 

To  Preserve  Qun-barrels. — Corrosive  sublimate  and  lard  will  pro- 
tect them  from  the  effects  of  sea-air. 

Watch-maker's  Oil. — Place  thin  sheet  lead  in  a  bottle  with  olive 
oil,  expose  to  the  sun  for  some  weeks,  and  pour  off  the  clear  oil. 

To  Polish  Wood. — Rub  with  pumice-stone  and  water,  then  polish 
with  powdered  tripoli  and  boiled  linseed-oil. 

Colors  for  Working  Drawings. 

Material.  Representative  colors. 

Brass Gamboge  or  chrome  yellow. 

Brick- work Carmine. 

Cast-iron Neutral  tint  or  gray. 

Clay  or  earth  ....  Burnt  umber. 

Concrete Sepia  with  dark  markings. 

Copper Carmine  or  lake. 

Granite Pale  Indian-ink. 

Lead Indiao-iak  tinged  with  Prussian  blue. 

Steel Pale  blue  tinged  with  lake. 

Water Cobalt. 

Woods .Burnt  sienna,  or  raw  sienna  for  light  woods* 

Wrought  iron  . . .  Prussian  blue. 
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The  nsaal  method  is  to  color  at  least  all  the  sectional  parts  ;  when 
both  parts  are  colored,  the  sectional  are  colored  darker  than  the  other 
parts. 

Tempering  Steel. 

Color.  Temperature.  Purpose. 

Light  straw.  .430°-440'' .  .Turning  tools  for  metals. 

Dark  straw. .  .470''-480° .  .Tools  for  wood,  screw-taps  and  dies. 

L^ht purple!  .SSO"  [ Hatchets,  chipping-chisels,  saws,  etc. 

Dark  purple .  .550° Springs,  etc. 

Preservative  for  Steel. 

♦ 

Caoutchouc,  one  part ;  turpentine,  sixteen  parts  ;  and  boiled  oil, 
eight  parts ;  well  mixed  and  boiled  together.  The  caoutchouc  should 
first  be  dissolved  in  the  turpentine  by  a  gentle  heat,  and  the  boiled  oil 
added.  It  should  be  applied  with  a  brush,  and  it  may  be  removed 
by  turpentine. 

Sizes  for  Ziightning-Oonductors. 

Copper  rod f  in.  diameter. 

Copper  pipe li  in.  diameter,  ^  in.  thick. 

Iron  rod,  gaJvanized If  in.  diameter. 

Iron  pipe 2^  in.  diameter,  |  in.  thick. 

Flat  copper  bar 3  in.  wide  by  |  in.  thick. 

Marine  Qlue. — One  part  India-rubber;  twelve  parts  mineral 
naphtha  or  coal-tar.  Heat  gently,  mix,  and  add  twenty  parts  of  pow- 
dered shellac.  Pour  out  on'  a  slab  to  cool.  When  used,  to  be  heated 
to  about  250**  F. 

Qlue  to  Resist  Moisture. — One  pound  glue ;  one  pound  black 
resin ;  quarter-pound  red  ochre  ;  mixed  with  the  least  practicable 
quantity  of  water. 

Cement  for  Cloth  or  Leather. — Eight  pounds  gutta-percha,  cut 
small ;  two  pounds  India-rubber  ;  one  pound  pitch  ;  half-pound  shel- 
lac; one  pound  linseed  oil;  melted  together  and  well  mixed. 

20 


806  USEFUL  PRACTICAL  RECIPES.  Sbc.  V. 


Distemper  Colors. 

White. — ^WMting  one-third  hundredweight;  glue  biz  ponnds. 

Yellow. — Whiting  one- third  hundredweight ;  yellow  ochre,  two- 
thirds  hundredweight ;  glue,  ten  pounds. 

The  glue  is  made  into  size  and  added  hot  to  the  whiting,  etc., 
mixed  with  water  in  sufficient  quantity  to  give  it  the  proper  consist* 
ency  for  use. 

Whitewash. — For  outside  exposure,  slaked  lime,  one-half  bushel;  i 
add  common  salt,  one  pound ;  sulphate  of  zinc,  one-half  pound;  and 
sweet  milk,  one  gallon. 

Brilliant  Whitewash. — Lime,  one-half  bushel ;  add  a  strong 
solution  made  with  a  peck  of  salt ;  three  pounds  boiled  rice  paste ; 
one  pound  of  Spanish  whiting ;  one  pound  of  dissolved  glue ;  and  five 
gallons  of  hot  water,  all  well  mixed  and  retained  four  days  before 
use. 

Cement  for  Coating  the  Inside  of  Outer  Bottoms  of  Iron  Sh^A 

Koman  cement 838  parts. 

Pitch,  mineral 325      ** 

Lime,  white 82      *' 

Resin 13      ** 

Tar,mineral 32      " 

.      Total 790  parts. 

The  pitch  is  to  be  boiled  for  four  hours,  the  cement,  lime,  and 
resin  being  added  in  small  quantities,  and  care  taken  that  they  »W 
well  mixed  in,  that  the  resin  is  well  powdered,  and  the  lime  free 
from  lumps ;  after  which  the  tar  is  added. 

Before  using,  the  bottom  should  be  well  scraped  and  cleaned,  then 
payed  with  a  thin  coat  of  hot  boiled  mineral-tar. 

Limes,  Cements,  Mortars  and  Concretes. 

The  calcination  of  marble  or  limestone  produces  lime.     The  pro- 
perty of  hardening  under  water  is  effected  by  the  presence  of  such 
ibeteancea  as  siiica,  alumina,  iron,  etc.     Slaked  lime  is  a  hydrate  of 
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lime.  Homan  cement  is  made  from  lime  of  a  peculiar  character 
found  in  England  and  France.  Salt  water  has  a  tendency  to  decom- 
pose cements  of  all  kinds. 

Mortar. — One  part  of  lime  to  three  of  sharp  river  sand. 

CoARSK  Mortar. — One  part  lime  to  four  of  gravelly  sand.  A 
small  quantity  of  hair  is  sometimes  added. 

Concrete  or  Beton  is  a  mixture  of  hydraulic  mortar  with 
coarse  substances,  such  as  gravel,  shells,  mashed  brick,  etc. 

Disinfectants. 

These  substances  are  of  various  kinds,  and  act  in  different  ways. 
The  choice  of  the  agent  must  depend  somewhat  upon  the  circum- 
stances o£  the  case,  but  for  general  use,  carbolic  acid  and  its  prepa- 
rations, and  chloride  of  lime,  appear  to  be  the  most  efficacious. 

Carbolic  Acid. — In  adding  this  disinfectant  to  bilge-water  or 
other  liquid,  it  should  first  be  mixed  with  one  hundred  parts  of  water 
to  completely  dissolve  it,  otherwise  the  acid  will  merely  sink  to  the 
bottom,  softening  any  cement  with  which  the  bottom  of  an  iron  ship 
may  be  coated.  To  purify  air,  a  little  of  the  acid,  unmixed  with 
water,  should  be  placed  in  a  saucer.  Several  patent  disinfecting 
powders  are  preparations  of  carbolic  acid. 

Chloride  op  Lime. — This  is  a  very  efficient  disinfectant,  but  de- 
teriorates considerably  by  keeping,  unless  well  preserved  from  the 
action  of  the  air. 

To  Fumigate  a  Ship.  — Chlorine  is  perhaps  the  most  powerful 
agent  for  this  purpose.  lb  may  be  evolved  from  chloride  of  lime  by 
the  addition  of  a  little  water  or  dilute  sulphuric  acid.  It  may  also 
be  obtained  by  pouring  four  parts  of  hydrochloric  acid  on  one  part 
of  binoxide  of  manganese,  placed  in  a  shallow  vessel  and  gently 
heated.  The  vessel  should  be  placed  high  up,  as  the  gas  falls,  and 
all  exits  should  be  closed. 

In  many  cases,  the  burning  of  a  small  piece  of  sulphur  will  be 
found  a  very  efficacious  means  of  disinfecting  the  air  of  a  cabin  or 
room,  which  must,  however,  be  made  air-tight  to  retain  the  sulphur- 
ous acid  gas. 

Clothing  may  be  disinfected  after  contagious  diseases  b^  bem\ 
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plunged  into  boiling  water.  Linen  and  nnder-dothing'  Bhonld  be  im- 
mersed in  water  at  212^  F.  ;  uniforms  or  doth-clothing,  which  might 
be  injured  by  water,  should  be  baked  in  an  oven  at  a  temx>eratiire 
from  212 '  to  2(50°  F. ,  but  as  this  method  is  not  bo  convenient,  it  may 
be  necessary  to  resort  to  boiling  water. 

Clothes  dipped  in  a  solution  of  chloride  of  lime,  one  pound  to  the 
gallon,  may  be  hung  up  in  an  inhabited  room  to  disinfect  the  air. 

SEASONING  TIMBER. 

Natnral  Seasoning. 

The  timber  is  exposed  freely  to  the  air,  in  a  dry  plaoe  sheltered 
from  the  wind  and  sun,  and  is  so  stacked  as  to  admit  of  the  ail 
passing  over  the  surfaces  of  all  the  pieces.  From  two  to  four  years 
will  be  required  to  season  it  proi)erly. 

Seasoning  by  a  Vaouum. 

The  timber  is  placed  in  a  chamber  from  which  the  air  is  exhausted, 
heat  being  employed  to  vaporize  the  exuded  juices,  the  vapor  being 
conveyed  away  by  means  of  pipes  surrounded  by  cold  water. 

Seasoning  by  Hot  Air. 
{Davidson,) 

The  timber  is  placed  In  a  chamber,  and  exposed  to  a  current  of 
hot  air,  impelled  by  a  fan  at  the  rate  of  about  one  hundred  feet  per 
second,  the  air-passages  and  fan  being  so  arranged  that  one-third  of 
the  volume  of  air  in  the  chamber  is  blown  through  it  per  minute. 

The  temperature  of  the  air  varies  for  different  kinds  of  timber, 
being  about  105°  for  oak,  300°  for  mahogany,  120''  for  pine,  and  from 
90°  to  100°  for  leaf-wood  in  logs. 

Water  Seasoning. 

The  timber  is  immersed  in  shallow  water— salt  is  better  than  fresh— 

and  allowed  to  remain  for  periods  ranging  from  ten  to  twenty  years. 

It  18  Bometimea  allowed  to  remain  \)\)i.\k  ^  covr^l^  of  weeks,  when  it  is 
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taken  oat  and  stood  npright  in  some  sheltered  place,  where  it  is  ex- 
posed to  the  air  until  quite  dry.-  Again,  it  is  sometimes  boiled  or 
steamed  for  a  day  or  two,  instead  of  being  immersed  in  cold  water 
for  longer  periods.  All  of  these  processes  tend  to  injure  the  strength 
of  the  wood,  making  it  very  soft,  although  acting  to  prevent  crack- 
ing, warping,  and  shrinking. 

Slowly  seasoned  timber  is  tougher  and  more  elastic  than  that 
which  is  quick  dried.  Seasoning  by  heat  alone  is  very  injurious  to 
timber.  For  joiners^  and  carpenters'  work,  natural  seasomng  has  the 
preference. 


Creosoting. 

[BetheU.) 

The  timber  is  first  well  dried  by  one  of  the  processes,  and  is  then 
placed  in  a  strong  iron  cylinder  and  subjected  for  thirty  or  forty 
minutes  to  a  vacuum  of  six  to  twelve  pounds  per  square  inch.  The 
creosote  is  then  allowed  to  flow  in,  and  a  pressure  put  upon  it,  vary- 
ing from  one  hundred  to  two  hundred  pounds  per  square  inch,  for 
from  one  to  three  hours. 

Another  process  consists  in  simply  immersing  the  timber  in  an 
open  tank  containing  hot  creosote,  the  temperature  being  kept  up 
to  about  130"  to  160^  F.,  and  left  for  some  time  to  the  natural  pro- 
cess of  absorption 

Ordinary  fir-timber  absorbs  from  eight  to  ten  pounds  of  creosote 
per  cubic  foot ;  red  pine,  from  fifteen  to  sixteen  pounds  ;  oak, 
from  four  to  five  pounds.  This  method  of  preserving  timber  is 
much  used,  and  is  a  sure  preventive  against  the  attack  of  the  teredo 
and  other  marine  worms. 

ZMFRBQNATION  WITH  METALLIC  SALTS. 

Kyan's  Process. 

This  consists  in  immersing  the  timber  in  a  solution  of  bichloride 
o£  mercury  diluted  with  from  one  hundred  to  one  hundred  and  fifty 
parts  of  water,  or  one  pound  to  two-thirds  of  a  pound  of  the  salt  to 
ten  gallons  of  water.  Twenty-four  hours  are  generally  aLLovr^d  toT 
each  inch  in  thickness  for  boards. 
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Margary's  Process. 

Margary  employed  sulphate  of  copper  diluted  with  forty  to  fifty 
parts  of  water,  applied  with  pressure  of  fifteen  to  thirty  pouncU  per 
square  inch  for  six  or  eight  hours. 

Burnett's  Process. 

A  solution  of  one  pound  of  chloride  of  zinc  to  five  gallons  of  water 
is  injected,  and  applied  with  a  pressure  of  one  hundred  to  one  hun- 
dred and  twenty  pounds  per  square  inch  for  fifteen  minutes.  The 
timber  is  then  taken  out,  and  allowed  to  dry  for  about  two  weeks. 

Pa3rne's  Process. 

This  consists  in  impregnating  the  timber  with  a  strong  solution  of 
sulphate  of  iron,  and  afterward  forcing  in  any  of  the  carbonate 
alkalies. 

INTERNAL  ECONOMY. 

Scraping  Spars. — Send  light  booms  on  deck,  and  scrub  them 
with  sand  and  canvas. 

In  the  case  of  top-gallant  masts,  merely  scrape  the  dirt  off,  and 
then  give  them  a  light  plane  over  at  long  intervals,  which  is  less  in- 
jurious to  them  than  constant  scraping  with  knives. 

Cleaning  and  Whitening  Decks. — Holy-stoning  too  frequently 
makes  the  deck  rough.  A  sprinkle  and  scrub  with  hand-bnuhes  or 
hand -swabs  is  preferable,  as  the  decks  dry  rapidly,  and  heavy  holy- 
stoning is  rendered  less  necessary. 

For  lower-decks,  hot  water  and  American  potash  applied  over 
night,  and  washed  off  the  next  morning  with  hot  water,  will  cleanse 
and  whiten  the  decks  wonderfully. 

Replacing  Copper  under  Water. — Construct  a  water-tight  case 
of  three  sides  and  a  bottom  ;  cut  the  mouth  or  open  side  of  the  case 
to  fit  the  curve  of  the  ship  ;  line  the  curved  edges  with  felt,  saturated 
vnth  tallow,  and  attach  ballast  to  the  bottom. 

Suspend  the  case  by  a  tackle  from  the  rail,  and  lower  it  over  the 
defective  part,  using  a  line  to  haul  it  down  passed  under  the  keel 
from  the  opposite  side,  and  a  second  \m^  lot  «»\iQ.xvM>ntal  guy. 
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Set  both  lines  taut  with  tackles,  and  cause  the  case  to  fit  closely, 
after  which  secure  it  with  a  shore  to  prevent  rising. 

Exhaust  the  water  from  the  case  by  a  suction-hose  and  pump, 
and,  when  empty,  send  a  man  inside  to  replace  the  copper. 

This  method,  which  will  answer  for  five  or  six  feet  below  the 
water-line,  may  also  be  used  to  repair  cooks  and  pipes. 

Dressing  Ship. 

From  flying-boom  end  to  fore  )  Pendant    and   square   flags  alter* 
top-gallant  mast-head  )      nately. 

^m^h^"^"    *°P-»*^*[  Same  arrangement. 

Thence  to  mizzen   top-gallant )  q 

mast-head.  f  ^*™®- 

Thence  to  peak.  )  g  ^ 

Thence  to  boom  end.  )  "H"«*^  "«s°- 

From  spanker-boom  end  hang  ships'  pendants,  and  from  the  flying- 
boom  end  the  number,  a  lead  being  attached  to  each  to  keep  them 
from  flying  away. 

Top-gallant  yards  are  not  usually  senb  down  the  evening  before 
dressing  ship. 

The  flying-jib  and  royal  halyards  are  used  to  trice  up  by,  rove 
through  blocks  at  the  mast-heads  with  down-hauls  attached ;  and 
the  flags,  in  addition  to  being  stopped  at  the  head  and  tack,  are 
stitched  to  the  halyards  amidships. 

Reeve  them  beforehand  and  bend  on  the  flags,  and  at  two 
minutes  before  eight  trice  up  mast-head  ensigns  made  up,  and 
send  aloft  the  captain  of  each  top  and  two  hands,  one  of  whom 
going  to  the  mast-head  stops  the  tack  in  when  broke,  or  holding 
the  flag  broken,  but  rolled  up,  throws  it  clear  at  the  word ;  the 
other  hand  remaining  in  the  top,  clears  the  flags  should  they  foul. 

When  dressing  in  honor  of  a  foreign  power,  courtesy  requires  the 
colors  of  that  power  to  be  displayed  at  the  main  top-gallant  mast- 
head. 

On  a  shift  of  wind,  or  at  the  turn  of  the  tide  if  lying  in  a  tideway^ 
send  hands  aloft  together  to  clear  the  flaga. 
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Anchoring  in  a  Foreign  Port. 

After  the  salute  to  the  flag,  the  admiral  of  the  port  is  salated, 
and,  if  necessary,  the  governor  also.  In  the  salute  to  the  admiral 
the  jib  is  run  up  at  the  first  g^un  and  hauled  down  at  the  last  gtin. 
This  indicates  a  salute  to  some  one  afloat. 

Stowing  Provisions. 

Before  commencing  to  stow,  the  holds  should  be  well  cleaned  and 
whitewashed. 

Wet  Provisions  are  salt  beef,  pork,  vinegar,  eta  * 

Dry  Provisions  are  flour,  sugar,  coffee,  raisins,  peas,  beans, 
oatmeal,  etc. 

Provisions  should  be  stowed  in  the  holds  so  that  each  kind  may 
be  got  at.  Old  provisions  should  always  be  cleared  out  of  the  hdd 
before  stowing  the  new,  then  stowed  on  top  to  be  used  first. 

Wet  provisions  should  form  the  ground  tiers,  the  dry  provisions 
the  top  tiers.  Beef  and  flour  may  be  stowed  on  the  starboard  side, 
pork,  etc.,  on  the  port  side. 

Casks  should  be  placed  fore  and  aft,  bung  up,  and  dunnage 
placed  under  the  chimes  to  prevent  shifting.  In  the  spirit-room 
casks  are  stowed  bung  up  and  bilge  free. 

Biscuit  is  stowed  in  the  bread-room. 

Each  cask  has  the  contents  and  date  of  package  marked  on  it. 

Tanks  are  stowed  with  their  tops  level,  and  with  the  comers  in 
which  the  man-holes  are  adjoining.  They  should  be  wedged  up 
taut  and  caulked  in. 

To  Calculate  the  Capacity  of  a  Cask. — Multiply  half  the  sum 
of  the  area  of  the  two  interior  circles — viz.,  at  the  head  and  bung — 
by  the  interior  length  in  cubic  inches,  which,  divided  by  277.27,  the 
number  of  cubic  inches  in  a  gallon,  reduces  the  result  to  that  measure. 

Example. — A  cask  measures  21  inches  in  diameter  at  the  bung ;  16 

inches  at  the  head  ;  and  28  inches  in  length  :  then  346.4  and  201.1 

would  V>e  the  respective  areas,  and  their  half  sum,  547.5,  multiplied 

28  and  divided  by  277.27,  gives  27.05  gallons  for  the  contents, 

ut  the  capacity  of  a  beef  barrel. 
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Up-endiDg  a  Large  Cask. — Lay  a  capstan-bar  under  the  bilge  on 
each  side  ;  span  them  together  under  the  chimes  of  the  cask  at  each 
end  ;  man  the  bars  and  up  with  it,  sticking  to  it  on  the  opposite  side 
to  prevent  it  going  over. 

To  Ascertain  the  Quantity  of  Water  a  Boat  'nrill  Bring  off. — 
A  bntt  holds  110  gallons,  a  puncheon,  72  gallons.  Water  may  be  com- 
puted at  210  gallons  to  a  ton.     The  boat  stows  from  2,000  to  3,000 
\  gallons,  or  between  ten  and  twelve  tons. 

Bringing  off  Water  in  Bulk. — See  the  boat  clear ,  wash  her 
out  witi^  fresh  water ;  keep  the  bottom  boards  and  a  few  oars  or 
thwarts  loose  in  her  to  prevent  the  water  surging  about  when  she 
is  loaded. 

Rafting  Water  ofL — Knock  the  outer  hoops  off  each  end  of  the 
casks,  and  drive  them  on  again  with  a  becket  underneath,  for  a 
hauling-line  to  pass  through  between  the  beach*  and  the  boats  an- 
chored outside  ^e  siirf. 

Units  of  Measurement. — The  size  of  spars,  dead-eyes,  and  chains 
is  expressed  by  their  diameters ;  of  rope,  by  its  circumference ; 
blocks,  by  their  length ;  hand-masts,  by  their  circumference  in  hands 
four  feet  from  the  heel. 

-Hoisting  in  Cattle. — Cattle  should  be  hoisted  in  by  the  horns, 
only  when  the  animals  are  very  small  and  their  horns  very  strong. 
The  preferable  method  to  pursue  in  all  cases  is  as  follows :  hook  on 
the  yard  and  stay  to  a  strap  round  the  beast^s  neck,  putting  his  fore- 
leg through  it  to  prevent  his  being  choked. 

Hoisting  in  Horses. — Cover  the  eyes,  hobble  and  sling  with  a 
broad  mat  or  canvas-slings  under  the  belly,  with  a  crupper  from 
the  haunches  round  the  chest  to  keep  the  slings  from  shifting. 
Lead  the  halter  through  a  ring-bolt  on  deck,  and  take  through  the 
slack  as  the  horse  comes  in.  A  strap  round  the  nose,  hove  short 
with  a  toggle,  will  rapidly  tame  an  unmanageable  horse.  Horses 
should  be  kept  slung  in  their  stalls  at  £ea,  with  their  hoofs  just  rest- 
*    ing  on  the  deck. 
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Extemporary  MeaBurements. 

It  is  at  all  times  well  to  know  the  len^b  of  the  different  joints  of 
the  limbs. 

Suppose  the  nail-joint  of  the  forefinger  to  be  one  inch,  the  next 
joint  will  be  li  inch,  the  next  2  inches,  and  from  the  knuckle  to  the 
wrist,  4  inches ;  in  this  case  the  finger  is  bent,  so  that  each  joint  may 
be  measured  separately,  though,  when  held  straight,  the  distance  from 
the  tip  of  the  forefinger  to  the  wrist  would  be  only  7  inches.  The 
span  with  thumb  and  forefinger  would  be  8  inches,  and  with  the 
thumb  and  any  of  the  other  three,  9  inches,  or  equal  to  the  length 
of  the  foot ;  from  the  wrist  to  the  elbow  would  be  10  inches,  and 
from  elbow  to  forefinger,  17  inches,  and  from  collar-bone  to  fore- 
finger, 2  feet  8  inches  ;  height  to  the  middle  of  knee-cap,  18  inches. 
From  the  elbow  to  the  forefinger  is  usually  called  a  cubit,  but  it  is 
seldom  strictly  so,  an  English  cubit  being  generally  stated  as  18 
inches. 

In  like  manner,  the  full  stretch  of  the  extended  arms  is  called  a 
fathom,  but  it  is  generally  somewhat  less.  If  a  man  stands  with  his 
back  to  a  flat  wall,  and  extends  his  arms,  bis  fathom  will  be  scarcely 
equal  to  his  own  height ;  but  if  he  tries  to  measure  the  girth  of  a  tree, 
by  placing  his  breast  against,  and,  as  it  were,  embracing  it,  he  will 
find  his  fathom  many  inches  short,  and,  on  an  average,  perhaps  not 
more  than  five  feet. 

The  pulse  when  in  health,  and  not  excited,  beats  72  to  75  times 
in  a  minute. 

The  pace  is  commonly  supposed  to  be  2^  feet,  but  this  is  a  most 
uncertain  mode  of  measurement.  Very  few  men,  without  practice, 
can  take  correctly  a  hundred  consecutive  steps  or  paces  of  the  same 
length.  Practice  will  determine  the  amount  of  ground  covered  in  a 
certain  number  of  paces,  if  tried  over  known  distances ;  it,  of  course, 
varies,  but  from  experiment,  the  mean  has  been  found  nearly  as 
follows : 

Pacing,  at  30  inches  per  pace,  of  108  in  a  minute,  equals  270  feet, 
or  3.068  statute  or  2.ij(j  nautical  miles  per  hour. 

Pacing  quickly,  at  30  inches  per  pace,  or  120  in  a  minute,  equals 
300  feet,  or  3.41  statute  or  2.96  nautical  miles  per  hour. 

Pacing  slowly,  at  36  inches,  may  average  60  per  minute,  equals 
J^O  feet  J  or  2. 04  statute  or  1.7S  naulaicai.  milaa  per  hour. 
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BOATS. 

Ships'  Boats  are  either  cUnker,  carvel  or  diagonal-built  Carvel 
and  cUnker  boats  are  timbered ;  in  the  former,  the  planking  is 
smooth  {flush)^  in  the  latter,  the  lower  edges  of  the  upper  strakes 
overlap  tj[ie  lower  strakes.  JDiagonfU-buict  boats  are  not  timbered, 
but  the  planking  is  doable,  rising  in  opposite  directions  from  the 
keel  at  an  angle  of  45°. 

All  boats  are  fitted  with  chain-slings  for  holstiDg,  and  it  is  recom- 
mended to  place  these  slings  away  from  the  extreme  ends  of  the 
boat,  to  avoid  straining  when  up  at  the  davits.  The  hooks  sbonld 
be  on  the  slings  and  the  rings  on  the  lower  blocks  of  the  boat-falls 
to  avoid  tearing  omt  thwarts  in  a  sea  way. 

Plng-holes  may  be  closed  with  a  leather-hinged  door,  opening 
downward  ;  or  by  a  ping  in  the  nsnal  way,  in  which,  case  the  plug 
should  be  fastened  near  at  hand  by  a  lanyard. 

Many  lar>re  boats  are  fitted  with  pipes  and  a  windlass,  to  raise  or 
carry  a  heavy  weight  underneath. 

Boats  are  square-stemed  or  sharp  at  both  ends.  Single-banked 
boats  have  one  oarsman  to  each  thwart,  and  double-banked  boats 
have  two.  Oars  are  double-banked  when  each  oar  is  pulled  by  two 
men. 

To  feather  the  oars,  is  the  art  of  turning  the  blades  to  a  horizon- 
tal position,  that  they  may  not  hold  the  wind,  and  boats'  crews 
should  always  be  required  to  feather  their  oars  when  rowing. 

To  Find  the  Weight  of  Ships*  Boats.— Multiply  the  square  of 
the  breadth  by  the  length,  and  that  product  for  a  launch  by  2.5  ; 
first  cutter  by  1.9;  second  cutter  by  1.4  ;  smaller  boats  by  1.0. 
Answer  will  be  in  pounds. 


Olassifioation  of  Boats. 

In  the  Navy,  the  usual  classification  of  boats  is  as  follows,  viz.  : 

Steam-launches  and  steam-cutters. 

Sailing-launches,  cutters,  whale-boats,  gigs  and  dingies. 
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STEAM-IiAUNOHES. 

The  ordinary  type  of  navy  steam-laaiich  carries  960  pounds  of 
coal  in  the  bunkers,  and  2,500  pounds  of  water  in  the  tanks.    This 
boat  can  maintain  a  speed  of  Feven  miles  an  hour  for  about  font 
consecutive  hours,  after  which  the  tanks  must  be  refilled.     Tha 
maximum  speed  is  about  eight  miles  per  hour.     The  usual  pressni® 
of  steam  is  from  40  to  60  lbs.  per  square  inch,  but  80  lbs.  may  b^ 
used  if  necessary.     The  steam  is  not  condensed,  but  is  usually  ex' 
hausted  into  the  funnel  to  cause  an  increased  draught. 

The  HerrescJioff  navy-launch  is  about  thirty-three  feet  in  lengthy 
and  has  eight  feet  six  inches  beam. 

The  engines  are  compound,  having  two  cylinders,  connected  ai^ 
right  angles,  thus  giving  complete  control  of  the  boat  as  to  starting, 
stopping,  and  backing.  The  pressure  is  from  forty  to  sixty  pounds 
per  square  inch  above  the  atmof^phere,  but  the  engines  ,are  capable 
of  running  under  a  pressure  of  one  hundred  and  fifty  pounds,  if 
necessary. 

It  has  an  extremely  light  coil-boiler,  and  the  weight  of  water  con- 
tained therein  is  reduced  to  a  minimum. 

The  steam  is  exausted  into  a  surface-condenser,  formed  by  a  cop- 
per-pipe secured  to  the  outside  of  the  hull  just  above  the  keel.  The* 
boiler  is  thus  kept  supplied  with  fresh  water,  and  the  quantity  lost 
by  leakage  is  restored  from  a  small  tank  beneath  the  boiler.  The 
launch  carries  1,120  pounds  of  coal,  and  can  maintain  a  speed  of 
seven  miles  for  twenty -eight  consecutive  hours. 

The  maximum  speed  is  eleven  miles  per  hour. 

The  weight  of  this  boat  is  one-half,  and  its  economy  of  fuel  double 
that  of  the  ordinary  type  of  navy -launch.  It  has  greater  carrying 
capacity,  is  noiseless  when  under  way,  and  is  a  fine  sea  boat. 

Remarks  on  Steam-Xiaunches. 

A  steam-launch  should  be  strong  enough  to  hold  its  engines  and 
boilers  with  steam  up,  coal,  etc.,  before  it  is  lowered;  should  be 
fitted  to  use  salt  water  and  to  work  in  a  rough  sea. 

All  steamers  should  be  decked  over,  and  should  have  sufficient 
baojrancy  to  Soat  engines,  coal^  and  crew,  in  the  event  of  being 
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filled  by  a  sea.  When  a  condenser  is  used,  it  is  possible  to  greatly 
increase  the  boiler  power  without  increasing  the  weight  above  thaC 
gained  by  doing  away  with  the  water  in  tanks  usually  carried. 

The  best  steam-launches  are  no\7  built  of  steel,  and  fitted  with  air- 
tanks. 


Instructions  for  Working  the  Engines  of  Steam-Ijaunches,  etc. 

Tlie  following  instructions  for  working  tjve  engines  of  steam-laundies 
are  introducedi  as  it  is  possible  that  the  officer  in  cJiarge  might  be 
thrown  entirely  on  his  ovm  renources. 

The  engine  should  not  be  removed  from  the  boat  oftener  than  can 
be  helped.  The  boiler  of  steam-pinnaces  should  be  lilted,  examined 
at  the  bottom,  and  painted  every  month. 

See  that  the  tanks,  fitted  for  the  purpose,  are  properly  supplied 
with  coal  and  fresh  water. 

The  connection  with  propellers  and  water-tight  joints  must  be 
made  good  before  leaving  the  ship. 

Water  is  run  into  the  boiler  through  a  hose  by  removing  one  of 
the  safety-valves. 

When  the  water  is  showing  from  one-half  to  three-fourths  up  the 
gauge-glass,  remove  the  hose  and  replace  the  safety-valve.  Great 
care  must  be  taken  to  see  that  the  valve  and  its  seating  is  perfectly 
clean  before  the  valve  is  replaced. 

To  Qet  Up  Steam. — Put  a  surface  of  coal  over  the  fire-bars,  shut 
the  aah-pit  door,  and  light  up  with  wood  and  coal  at  the  front  until 
a  sufficient  body  of  fire  is  obtained  to  ignite  the  coal  on  the  bars, 
when  the  fire  may  be  pushed  back,  and  the  ash-pit  door  opened. 

When  the  steam  begins  to  show  by  the  gauge,  try  the  safety-valves, 
and  use  the  bhist  (if  the  steam  be  required  in  great  haste)  until 
sufficient  pressure  be  obtained. 

Try  the  small  engine  to  supply  feed-water,  and  make  sure  of  the 
water  supply  independent  of  main  feeds. 
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Thb  Boiler  will  require  tho  most  careful  and  constant  attentioii 
while  steaming.  When  attainable,  fresh  water  should  always  be 
used. 

It  is  fitted  with  every  requisite  for  efficiency  and  safety. 

From  forty  to  fifty  pounds  of  steam  pressure  is  quite  sufficient  for 
all  ordinary  service.  Leaks  about  tubes  and  tube-jAates  are  most 
frequently  caused  by  forced  steaming. 

The  water  must  never  be  allowed  to  go  below  the  mark  of  low 
level. 

At  high  speed  it  is  liable  to  show  higher  in  the  gauge-glass  than  it 

really  is. 

The  gauge-glass  and  gauge-cocks  must  be  frequently  tried,  the  one 
being  a  check  on  the  other.  The  water  moving  in  the  glass  with 
the  movements  of  the  boat  is  another  proof  of  gauge-glass  cocks  be- 
ing correct. 

Care  should  be  taken  to  prevent  spray  from  striking  the  gauge- 
glass,  as  it  is  very  liable  to  break  it. 

Maintain  a  sufficient  quantity  of  water  in  the  boiler,  and  keep  the 
feed-water  supply  as  nearly  constant  as  possible.  In  the  event  of 
the  water  getting  low,  the  fire  must  be  checked  as  quickly  as  possible; 
to  effect  this,  open  the  smoke-box  door,  shut  the  ash-pit  door,  and 
throw  on  wet  ashes.     In  an  extreme  case,  draw  the  fire. 

In  the  new  class  of  boats,  the  feed-water  passes  through  a  coQed- 
pipe  in  a  cistern  secured  to  the  boiler.  This  cistern  receives  the 
exhaust  steam  from  the  engine,  heating  the  feed-water  on  its  pas- 
sage to  the  funnel ;  domg  its  work  in  a  noiseless  manner,  instead  of 
the  intermittent  puffing  which  is  the  result  of  direct  conneotion. 

Starting  the  Engine. — Have  every  f rictional  part  of  the  engine 
carefully  oiled,  especially  cylinders,  slide-valves,  eccentrics,  cranks, 
and  thrust  open  the  small  drain-cocks  in  connection  with  the  cylin- 
ders and  slide-valves  to  get  rid  of  condensed  water,  and  let  them 
remain  open  for  a  few  turns  of  the  engines.  The  steam-oock  may 
be  left  a  little  open  while  steam  is  getting  up,  to  warm  the  engine. 
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Starting^  ahead  or  astern  is  effected  by  link-motion,  and  requires 
no  consideration  after  observing  the  movement  of  the  handle  con- 
nected with  the  link. 

Great  care  should  be  taken  to  admit  the  steam  to  the  eng^e 
gently  at  first,  and  get  up  lull  speed  gradually.' 

Running. — Attention  to  the  engine  is  required  in  preventing  the 
overheating  of  woiking  parts. 

Any  ttnusiial  noUe  must  be  quickly  attended  to,  and  cause  ascer- 
tained ;  the  loosening  of  pin,  key,  or  screw  promptly  remedied,  al- 
ways bearing  in  mind  the  old  adage  about  ^^  a  stitch  in  time,"  etc. 

Sea-Water. — If  obliged  to  use  sea-water  for  the  feed,  let  the  pro- 
cess of  brining  be  as  constant  and  continuous  as  possible. 

The  density  of  the  water  in  the  boiler  must  be  frequently  tested 
by  drawing  some  off  and  applying  the  hydrometer,  with  the  water 
at  the  temperature  of  its  graduated  scale. 

The  brining,  or  blowlng-out,  should  maintain  the  water  at  If 
charges  of  salt  (salt  water  being  1),  or  about  the  mark  18  on  the 
hydrometer  in  general  use. 

Stoking.— The  stoking  must  be  careful  and  frequent,  in  just  suffi- 
cient quantity  to  keep  the  fire-bars  properly  covered.  Attention  to 
this  will  go  far  to  prevent  priming.  Keep  the  steam  at  a  regular 
pressure,  and  the  fire-bars  free  from  clinkers,  by  hooking  them  out  as 
soon  as  formed. 

The  tubes,  fire-box,  smoke-box,  and  the  space  at  the  back  of  the 
fire-bridge,  should  be  kept  free  and  clean.  This  must  be  done  as  op- 
portunity offers. 

If  the  screw  of  a  steam-launch  is  taken  off  for  the  purpose  of 
her  being  used  as  a  sailing -boat,  the  brass  bush,  usually  provided 
for  the  purpose,  should  be  put  on  the  end  of  the  shaft  (first  coat- 
ing it  with  white-lead  and  tallow)  in  order  to  protect  it  from  the 
rapid  galvanic  action  which  takes  place  by  its  close  proximity  to  the 
copper-sheathing  on  the  boat^s  bottom.  If  no  bush  is  provided, 
then  the  end  of  the  shaft  should  be  lapped  round  with  spun-yam 
irell  saturated  with  stiff  white-lead  and  tallow. 
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BOATS  AND  BOAT-WORK. 
Memorandum  of  Dunensiozis  for  Boats,  U.  S.  Navy. 


Launches Breadth  =  length  x  .282. 


Steam-cutters. . 

Cutters 

Barges 

Gigs 

Whale-boats  . . . 
Dingies 


(4 
H 


n 

it 

u 


X.260. 
X.258. 
X.225. 
X.185. 
X  .210. 
X.265. 


Depth  =  breadth  x  .40. 

X.4C. 
X  .37. 
X.37. 
X.S7. 
X.39. 
x.37. 


Length  of 

Wabash  and 
class. 

Guerriere, 
Lancaster, 
and  class. 

Severn,    Pen- 
sacola,  and 
class. 

III 

Iroquois  and 
class. 

Shaw  mut  and 

Launches  

Steam-cutters 

PT. 

34 

as 

cO 
28 
28 
26 
29 
32 
30 
20 

FT. 

34 

as 

SO 
28 
28 
26 
29 
32 
SO 
20 

FT. 

32 
S3 
28 
28 
26 
26 
29 
30 
28 
18 

FT. 

82 

33 
28 
26 
26 

27 

28 
18 

FT.  . 

£0 

S6 
26 

27 

28 
18 

FT. 

88 

First  cutters 

26 

Second  cutters 

Third  cutters 

Fourth  cutters 

24 
24 

Whale-boats 

27 

Barges 

Gigs 

Dingies 

18 

Boat  Bquipments. 

It  is  a  good  plan  to  fit  a  permanent  boat- chest  in  every  boat. 

All  masts  should  step  in  a  box  and  clamp  to  the  thwart. 

The  various  classes  of  boats  should  be  of  a  uniform  rig.  Sailing- 
launches  are  generally  sloop-rigged,  having  one  mast  upon  whidi 
are  set  a  jib  and  main-sail.  A  rig  which  has  many  advocates,  how- 
ever, is  two  lug- sails,  the  forward  one  being  the  larger,  and  cut  to 
the  yard  so  that  the  forward  part  of  the  sail  acts  as  a  jib. 

For  cnttera  and  whale-boats  the  sliding  gunter-rig  has  been 
^rf noted,  though  advocates  ot  t\ie\vk^-?fiJAawt^Tift\»'^KoisB!^. 
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A  sliding  gnnter-mast  consist  of  two  sectioDS,  nearly  equal  in 
length,  called  the  lower-mast  and  top- mast.  The  latter  slides  upon 
the  former,  and  is  held  in  position  by  means  of  two  iron  rings 
secured  to  the  top-mast  near  its  lower  end. 

The  sail  is  bent  to  the  top-mast  and  iticed  to  the  lower-mast,  in 
orikr  to  allow  the  top- mast  to  lower  freely.  The  spread  of  sail 
may  be  quickly  reduced  by  lowering  the  top-mast. 

Cutters  have  two  of  these  saUs  and  a  jib,  but  whale-boats  have- 
the  two  sails  and  no  jib. 

Small  cutters  are  sometimes  rigged  with  two  sprit-saUfi  and  a  jib. 
The  upper  end  of  the  spi'it  is  placed  in  a  grommet  at  the  peak 
of  the  sail,  while  the  lower  end  rests  in  another  grommet  on  the 
lower  part  of  the  mast. 

Whale-boats  are  sometimes  fitted  with  two  sprit-sails.  Gigs  are 
furnished  with  one  sprit- sail  and  a  jib  extending  to  the  stem  of  the 
boat 

Dinghies  have  one  sprit-sail,  and  the  mast  must  step  far  enough 
from  the  bow  to  allow  the  sail  to  be  used  on  a  wind. 

liowering  and  Hoisting. — In  lowering,  have  a  line  from*  forward, 
outside  all  ;  rudder  shipped,  plug  in,  and  quarter-ladders  over.  The 
boat-keepers  hold  on  by  life-lmes  until  the  boat  is  in  the  water- 
TTnhook  the  after  tackle  first. 

In  hoisting,  the  boat  should  be  hauled  up  by  a  line  from  forward 
a  careful  hand  steering,  and  the  forward  tackle  hooked  first.  When 
the  tackles  are  hooked,  the  keepers  should  haul  the  blocks  taut  up 
by  the  standing  part  of  the  fall.  In  a  seaway,  cross  the  life-lines 
and  keep  them  taut  through  the  bow  and  stern  rings,  and  as  the 
boat  rises  bind  her  by  steadying-lines.  One  or  more  light  spars  may 
be  put  down  from  the  mizzen-chains  and  used  to  bear  the  boat  clear 
as  she  swings  in. 

In  a  stern  boat  in  a  tideway,  do  not  hook  the  stem  tackle  unt  1 
all  is  ready  on  deck,  then  hold  hard  by  the  life-lines  as  she  flies  for- 
ward. A  guy  may  be  used  to  steady  her  from  the  boom- end,  and 
in  case  of  heavy  rolling,  the  life-lines  should  be  crossed. 

At  least  one  boat  should  .be  a  surf  or  life-boat,  and  fitted  for 
lowering  and  hoisting  with  great  expedition. 

Boats  should  have  their  recall  and  the  general  recall  painted  on 
^in,  and  tacked  inaide  the  stem  sheeta. 
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Practical  Hints  for  the  Guidance  of  Officers  and  Others  having 

Charge  of  Boats. 

Before  leaving  the  ship  see  that  the  boat^s  gear,  such  as  masts, 
sails,  oars,  fenders,  boat-hooks,  baler,  anchor  and  cable,  painter, 
flags,  breakers,  water,  radder,  awning  and  stanchions,  is  complete, 
and  that  she  is  properly  equipped  for  the  service  on  which  she  may 
be  going.  Compass  and  lead-lme  may  be  required.  Spy-glass, 
watch  and  sextant,  note-book  and  signal-book  should  be  the  espe- 
cial care  of  the  officer  in  charge.  If  the  boat  is  to  be  away  for  any 
length  of  time,  spare  clothes,  provisions  and  gear  should  also  be 
carefully  mustered,  nnd  it  is  well  to  make  sure  that  orders  are 
rightly  understood  before  leaving  the  ship. 

At  night,  or  in  thick  weather  at  sea,  or  when  for  from  the  land, 
do  not  leave  the  ship  without  a  compass,  remembering  before  start- 
ing to  get  a  bearing  of  the  .place  or  ship  it  is  required  to  reach. 
Ta^e  a  bearing  of  your  own  ship  on  losing  sight  of  her  by  night  or 
in  a  fog. 

Do  not  shove  off  during  stemvvay,  else  the  ship  in  setting  to  lee- 
ward and  falling  off  may  bury  the  boat  under  her  bows,  or  with  her 
stem  and  dolphin-striker  cut  the  boat  down. 

Tf  about  to  sail,  get  the  sails  taut  up  before  shoving  off  in  case 
the  ship  is  head  to  wind,  but  if  not  head  to  wind,  pull  well  clear  of 
her  before  making  sail.  See  that  the  sails  are  properly  set.  In 
boats  where  the  jib  acts  as  the  fore-stay,  set  the  jib  before  the  fore- 
sail; or,  if  obliged  to  set  it  afterward,  ease  off  the  fore-sheet  to  allow 
the  mast-head  to  go  foiward  into  place. 

As  a  rule,  in  sailing,  make  the  crew  sit  well  down  in  the  boat— on 
the  bottom  boards  if  necessary. 

TTie  rule  of  tJie  road  for  boats  is  the  same  as  for  ships. 
Keep  weights  amidships,  and  never  belay  the  sheets.  ^ 

To  Dip  a  Iiug. — Tell  off  the  men  :  the  bo\vmen  to  bear  the  fore 
part  of  the  sail  out ;  the  two  next  to  gather  the  sheet  forward,  and 
pass  it  round  ;  the  after-hands  to  unhook  and  hook  the  sheet,  if 
fitted  single  ;  the  others  to  shift  the  halyards,  hand  the  foot  along, 
and  hoist  when  ready.  Do  not  lower  until  the  fore  part  of  the  sail 
has  been  aback  long  enough  to  bring  the  wind  on  tbift  oOafcx  V*^-^  . 
Have  the  halyards  marked^  so  as  not  to  lower  moTGVJiiaa\^vifc^ift»sas:^ 
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to  dip  the  after  yard-arm.     Tend  the  main-sheet  while  hoistmg  the 
fore-saU. 

As  a  general  rule,  a  reef  should  be  taken  in  directly  the  boat  be* 
gins  to  wet. 

Before  reefing  on  a  wifuf,  tell  the  men  ofE  for  the  different  duties: 
the  two  bowmen  to  gather  down  on  the  Inff ;  the  weather-hands  by 
the  halyards  and  down-hauls ;  the  lee-hands  to  tie  the  reef  points ; 
one  stroke-oarsman  to  attend  the  sheet,  the  other  to  assist  the  cox- 
swain in  rer-fing  the  mizzen.     No  person  need  stand  up. 

Do  not  luff  up.  Check  the  sheet ;  lower  enough  to  shift  the  tack 
easily.  Gather  aft  the  sheet,  that  the  men  may  reach  the  foot  of  the 
sail  without  leaning  over  the  gunwale.  Shift  the  sheet ;  tie  away. 
Slack  the  sheet;  hoist.  Resume  places  and  haul  aft.  Allow  the  boat 
to  get  steerage-way  before  hauling  aft  the  main-sheet.  When  yon 
want  a  pull  of  the  halyards,  ease  the  sheet.  Bemember,  when  mn- 
ning,  that  you  cannot  carry  all  the  canvas  on  a  wind  that  you  can 
before  it ;  therefore  make  ready  for  rounding-to. 

Running  dead  before  the  wind  in  a  gig  is  very  clangerous.  Little 
time  is  lost,  aud  it  is  much  safer  to  run  half  the  distance  with  the 
wind  well  on  one  quarter;  then  lower,  dip  the  sail,  and  bring  the 
wind  on  the  other  quarter. 

If  the  men  are  sitting  to  windward  in  a  breeze,  make  them  occupy 
their  proper  places  amidships  before  passing  to  leeward  of  a  vessel. 

Trimming  a  boat  requires  great  attention  ;  if  properly  done  she 
should  almost  steer  herself.  A  tendency  to  carry  lee  helm  should 
be  counteracted  at  once. 

Do  not  put  the  helm  down  too  suddenly,  or  too  far  over  ;  42**  is 
the  extreme  of  efl&ciency.  In  sternway,  when  the  rudder  is  hard 
over,  great  strain  is  brought  on  the  braces  and  pintles.  If  there  is 
any  doubt  about  weathering  a  ship,  or  danger,  "  go  about  '*  in  time, 
and  avoid  drifting,  crab-like,  on  top  of  the  danger.  Have  an  oar 
ready  to  assist  the  boat  round  in  case  of  necessity.  For  ballast,  use 
water  in  breakers. 

Squalls. — If  caught  in  a  hard  sudden  squall;  down  helm  at  once, 
let  fly  the  fore-sheet,  and  lower  the  sails.  In  a  moderate  squall 
ease  the  sheets  ;  keeping  such  steerage  way  as  to  ensure  a  touch  of 
the  helm  and  pull  of  main-sheet  bringing  her  into  the  wind« 

Keep  the  boat  stem  on  to  a  heavy  &ea. 
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Qoing  Alongfdde. — ^In  going  alongside,  lay  the  fenders  out  and 
get  the  bowsprit  unshipped  in  good  time. 

If  the  boat  is  under  sail  and  the  ship  to  windward,  make  a  tack 
to  windward  of  the  ship,  unstep  the  masts  and  pull  alongside ;  but, 
if  coming  up  in  anj  direction  abaft  the  beam,  unstep  the  fore-mast, 
when  yon  are  sure  the  after-sails  will  carry  the  boat  alongside,  and 
down  with  the  main-mast  when  you  have  the  boat  rope. 

Before  going  alongside  a  vessel  under  way  and  hove  to,  observe 
if  she  have  head  or  stemway,  and  in  any  case  get  the  mast  down 
befcnre  closing  her.  Wait  until  the  ship  has  gathered  way,  and  then 
go  alongside. 

la  a  strong  breeze,  always  get  the  masts  down  before  coming  along- 
side. Either  round-to  ahead,  down  masts,  out  oars,  and  drop  down  ; 
or,  shoot  up  under  the  stern,  and  down  masts  before  getting  under 
the  boats. 

Make  due  allowance  for  the  rate  at  which  the  tide  is  going  past 
the  ship,  or  the  speed  of  the  ship.  A  current  frequently  sets  close 
along  shore  in  the  opposite  direction  to  the  one  that  is  setting  past 
the  ship,  and  therefore  a  little  judgment  may  save  a  long  pull. 

Boarding  a  Wreck  or  Vessel  in  a  Heavy  Sea. — The  circum- 
stances under  which  life-boais  and  other  boats  have  to  board  vessels, 
whether  stranded  or  at  anchor,  or  under  way,  are  so  various  that  it 
would  be  impossible  to  draw  up  any  general  rule  for  guidance. 
•Nearly  everything  must  depend  on  the  skill,  judgment,  and  presence 
of  mind  of  the  coxswain  or  officer  in  charge  of  the  boat,  who  will 
often  have  those  qualities  taxed  to  the  utmost,  as  undoubtedly  the 
operation  of  boarding  a  vessel  in  a  heavy  sea  or  surf  is  frequently 
one  of  extreme  danger. 

It  wDl  be  scarcely  necessary  to  state  that,  whenever  practicable,  a 
vessel,  whether  stranded  or  afloat,  should  be  boarded  to  leeward,  as 
the  principal  danger  to  be  guarded  against  must  be  the  violent  colli- 
sion of  the  boat  against  the  vessel ;  or  her  swamping  or  upsetting  by 
the  rebound  of  the  sea ;  or  by  its  irregular  direction  on  coming  in 
contact  with  the  vessel's  side ;  and  the  greater  violence  of  the  sea  on 
the  windward  side  is  much  more  likely  to  cause  such  accidents. 
The  danger  must,  of  course,  al»o  be  still  further  increased  when  the 
vessel  is  aground  and  the  sea  breaking  over  her.  The  chief  danger 
to  be  apprehended  on  boarding  a  stranded  veaaeV  ou  >i^<^  \^^  ^^^^N2L 
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broadaide  to  the  sea,  is  the  falling  of  the  masts ;  or,  if  they  ha?e 
been  previously  carried  away,  the  damage  or  destmction  of  the  boat 
amongst  the  floating  spars  and  geax  alongside.  It  may,  therefore, 
under  such  circumstances,  be  often  neoessaiy  to  take  a  wrecks 
crew  into  a  life-boat  from  the  bow  or  stem  ;  otherwise,  a  rowing- 
boat,  proceeding  from  a  lee  shore  to  a  wreck,  by  keeping  under  the 
vessel's  lee,  may  use  her  as  a  breakwater,  and  thus  get  off  in  com- 
paratively smooth  water.  This  is  accordingly  the  usual  practice  in 
the  rowing  life- boats.  The  larger  sailing  life-boats,  which  go  off  to 
wrecks  on  outlying  shoals,  are,  however,  usually  anchored  to  wind- 
ward of  stranded  vessels,  and  then  veered  down  to  one  bandied  or 
one  hundred  and  fifty  fathoms  of  cable,  UQtil  near  enough  to  throw 
a  line  on  board. 

In  every  case  of  boarding  a  vessel  at  sea,  it  is  important  that  the 
line  by  which  a  boat  is  made  fast  to  a  vessel  should  be  of  sufficient 
length  to  allow  of  her  rising  and  falling  freely  with  the  sea ;  and 
every  rope  should  be  kept  in  hand,  ready  to  cut  or  slip  it  in  a  mo- 
ment if  necessary.     A  sharp  knife  should  also  be  at  hand. 

In  being  towed  by  a  vessel,  if  alongside,  contrive  to  have  the 
line  from  as  far  forward  as  porsible ;  never  make  it  fast,  but  take 
a  turn  and  hold  the  end  all  clear  for  sipping,  or  toggle  it  with  a 
stretcher  through  a  ring-bolt.  If  being  towed  astern,  the  closer  the 
better. 

When  boarding  foreign  men-of-war,  the  boarding  book  should  not 
Se  taken  on  board,  but  the  information  gathered  should  be  entered  . 
afterwards.     When  boarding  a  vessel  in  one  of  our  own  ports,  as- 
sistance should  be  offered  if  required. 

Boarding  Merchant  Vessels. — Fill  up  the  columns  of  the  board- 
ing-book. 

A  Gale  of  Wind  in  an  Open  Boat. — Lash  your  masts,  bottom 
i>oards,  and  all  oars  but  two,  together ;  hang  boat's  anchor  to  them ; 
epan  them  with  the  boat's  painter,  and  pitch  them  overboard. 

This  will  keep  you  head  to  the  sea,  form  a  breakwater,  and  pre- 
vent your  drifting  fast.  If  long  enough,  pass  the  end  of  the  painter 
or  line  from  the  sfars  round  the  boat  outside,  guy  it  down  here  and 
there  by  the  bight  oc  a  rope  passed  over  the  bows  and  slipped  under 
the  bottom  ;  lay  the  sails  over  the  fore  part  of  the  boat,  and  lace 
iieni  down  outside  to  the  pain^Aic  \  x^«  tVi^  olter-part  by  sticking  a 
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fltretcher  under  it,  and  bo  keep  the  seas  from  breaking  into  the  boat 
and  have  a  shelter  from  the  weather.  Keep  the  boat  baled  out,  and 
the  breaker  rigged  to  serve  as  a  life-buoj. 

Boat  Ondsing. — Ordinary  ship's  boats  always  require  to  be  raised 
up,  to  enable  them  to  carry  the  necessary  weight  of  provisions, 
water,  eto.,  in  addition  to  their  crew,  for  ten  days  or  a  fortnight's 
cmise.  Launches  and  cutters  should  have  from  eight  to  ten  inches 
added  to  their  gunwale  forward,  decreasing  to  about  half  that  height 
at  the  stem  of  the  boat.  They  should  have  a  large  locker  built  in 
the  bows,  at  least  as  high  as  the  thwarts,  made  water-tight,  and  the 
top  covered  with  copper  or  lead,  for  the  purpose  of  stowing  the 
spare  clothing.  A  similar  locker  to  be  built  in  the  after- part  of  the 
stem-sheets  for  the  officers.  A  jsick-stay  should  be  fitted  round  the 
boat,  underneath  the  rubbing-strake,  for  lacing  down  the  raiu -awn- 
ing. All  boats  should  be  supplied  with  rain-awniogs ;  two  spare  oars 
in  addition  to  the  complement ;  a  boat-hook  having  a  stout  lanyard 
secured  to  the  hook  and  seized  two-thirJs  down  the  staff,  an  eye  is 
turned  in  at  the  end  to  which  a  line  should  be  attached — a  boat-hook 
thus  fitted  will  be  found  useful  when  boarding  a  vessel  under  way;  a 
small  grappling-iron, with  a  couple  of  fathoms  of  light  chain ;  sails, 
boilers,  etc.,  complete.  Short  oars  should  be  taken,  as  the  boats 
when  provisioned  will  be  deep  in  the  water.  A  pump  sh  uld  be 
fitted  under  the  coxswain's  seat  to  discharge  water  at  the  stem. 

Boats  rigged  with  two  sliding-gunters  are  the  best  suited  for 
cruising  purposes,  being  easily  handled  and  made  safe  in  bad 
weather. 

Provisioning  and  Cooking. — All  boats  should  be  fitted  with 
BcnttLe-bntta  of  such  dimensions  as  to  stow  conveniently  under  the 
boat's  thwarts  on  each  side  of  the  keelson.  They  will  be  found  very 
useful  for  carrying  both  provisions  and  water,  and  stow  better  than 
breakers,  though  no  boat  should  be  without  a  certain  proportion  of 
the  latter  for  convenience  in  watering.  Bread  and  meat  being  the 
two  most  bulky  articles  of  provisions,  should  be  reduced  as  much  as 
possible,  and  it  will  often  be  convenient  to  supply  only  half  allow- 
anc3  of  these  articles  to  boats  when  detached,  furnishing  the  officet 
in  oharge  with  money  to  purchase  fresh  meat,  vegetables,  etc.  On 
the  other  hand,  in  consideration  of  the  duty  on  which  they  are  em.- 
pl<^ed,  donUe  aHowance  of  small  stores  and  BpmtA  m^-^  \^  Sass^^:^ 
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The  ordinary  boat-stove  piay  be  placed  cm  the  large  oopper-oovered 
locker  in  the  bows.  A  small  tub  of  sand  with  three  bzidu  may  be 
used  in  smaller  boats  for  cooking  porpoaes. 

Clothing  and  Sleeping. — ^Each  man  should  be  proyided  with  a 
blanket-frock  for  sleeping  in.  He  should  also  have  two  complete 
changes  of  woollen  clothing. 

The  rain-awning  should  always  be  spread  at  night,  and  the  can 
so  arranged  on  the  thwarts  as  to  form  a  platform  for  the  men  to 
Bleep  on.  As  the  health  of  the  men  depends  in  a  measure  on  dean- 
linesH,  every  opportunity  should  be  taken  of  clearing,  and  thoi* 
oughly  cleansing  the  boat. 

Anchors  and  Cables. — All  boats  larger  than  cutters  should  be 
furnished  with  two  anchors;  and  a  short  length  of  chain  cable  should 
be  added  when  practicable,  as  the  rope  is  easily  cut  through. 

Every  boat  should  have  a  boat-box,  or  bag,  containing  all  the  small 
gear  likely  to  be  r:'quired  for  repairing  sails,  rigging,  etc  Also  some 
lisbing -lines  and  hooks  ;  tools  and  material  for  repairing  the  boat  if 
Htovc;  compass  and  sextant ;  lead  and  line  ;  axe,  etc. 

No  Water. — Twice  a  day  dip  your  clothes  overboard,  and  put 
them  on  wet. 

Crossing  Bars. — For  the  purpose  of  steering  a  boat  in  crossing 
the  bar  of  a  river,  a  steering-oar  should  be  used.  .A  boat  should  be 
fitted  with  a  crutch-hole  on  each  quarter  whenever  practicable, 
where  an  oar  may  be  worked  to  assist  or  replace  the  rudder.  Some 
sailors  like  to  pull  over  bars,  others  prefer,  when  the  wind  is  free,  to 
sail.  The  objection  to  pulling  is,  that  at  the  critical  moment,  when 
the  boat  is  in  broken  water,  some  of  the  men  may  catch  crabs  with 
oars  and  cause  the  boat  to  broach-to.  The  best  plan  when  pulling 
is  to  toss  the  oars  as  the  waves  break  around  the  boat,  giving  way 
as  quickly  as  possible  afterwards ;  but  this  requires  a  very  well- 
trained  crew. 

Under  sail,  with  a  good  commanding  breeze,  everything  depends 
on  careful  steerage.  The  sail  may  get  slightly  becalmed  between 
the  rollers,  but  the  face  of  the  advancing  roller  always  raises  the 
boat  in  time  to  gather  the  way  necessary  for  her  to  be  properly  han- 
dled. In  crossing  bars,  men  should  be  directed  to  relieve  themselves 
of  aU  BuperQuouB  garments  \  the  loji^oxda  should  be  taken  off  the 
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oars ;  and  the  masts  and  other  buoyant  articles  left  free  to  float  in 
case  of  the  boat  being  swamped,  a  contingency  which,  to  those  even 
who  have  seen  much  of  such  work,  is  always  possible,  however  well- 
handled  the  boat  may  be. 

Ijanding  in  a  Surf. — Viewed  from  seaward,  a  surf  has  never  so 
formidable  an  appearaac3  as  when  seen  from  the  land  ;  persons  in  a 
boat  oatside  the  broken  water  are  therefore  apt  to  be  deceived  by  it. 
They  should  accordingly,  if  practicable,  proceed  along  the  land  out- 
side the  surf,  untU  abreass  of  a  coast-guard  or  life-boat  station,  or 
fishing  village,  whence  they  might  be  been  by  those  on  shore,  who 
would  then  signalize  to  them  wnere  they  might  attempt  to  land  with 
safety,  or  else  warn  them  to  keep  off  ;  or  who  might  proceed  in  a 
life-boat  or  fishing-boat  t^  their  aid  ;  the  generality  of  coast  fishing- 
boats  being  far  better  able  to  cope  with  a  surf  than  a  ship's  boat, 
and  the  coast-boatmen  being  more  skilful  in  managing  boats  in  a 
surf  than  the  crews  of  ships.  If  in  the  night,  double  precaution  is 
necessary — and  it  will  in  general  be  much  safer  to  anchor  a  boat 
outside  the  surf  until  daylight  than  attempt  to  land  through  it  in 
the  dark. 

Where  a  surf  J^eaks  at  only  a  short  distance  from  the  beach,  a 
boat  may  be  anchored  outside  the  surf,  and  veered  or  backed  in 
from  her  own  anchor.  In  such  a  case,  care  should  be  taken  that  the 
cable  is  of  sufficient  length  to  perq^it  of  the  boat's  reaching  the 
beach  from  a  safe  position  outside  the  line  of  breakers.  The  cable 
should  be  bent  and  everything  be  in  readiness  for  landing  before  ap- 
proaching the  shore  ;  on  reaching  the  edge  of  the  breakers,  the  bow 
and  after  oari  should  be  laid  in,  the  bowman  attending  to  the  an- 
chor and  cable,  the  coxswain  standing  by  with  a  small  line  for  a 
stern  fast.  On  the  anchor  being  let  go,  the  rudder  should  be  un- 
shipped and  the  boat  backed  in  steadily,  but  fearlessly,  care  being 
taken  by  the  bowman  to  keep  her  bow  to  the  sea  by  not  letting  her 
take  the  cable  too  fast.  On  reaching  the  shore  the  coxswain  should 
either  jump  overboard  with  the  stern-fast,  or  throw  it  to  any  per- 
sons who  may  be  on  the  beach.  This  stern-fast  steadies  the  boat, 
keeps  her  bow  to  the  sea,  and  facilitates  the  bnding.  On  the  land- 
ing being  effected,  the  boat  can  be  hauled  out  to  her  anchor,  taking 
care  if  she  is  wanted  to  return  to  the  shore  to  let  one  end  of  th& 
stem-fast  remain  on  the  beach. 
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MAHAQSIIBNT   OF  BOATS  IN  A   SURF,   BEACHIHO 


la  Rowing  to  Seaward. 

•V$  a  $^xi^jrU  nii««  sp«<^)  most  be  given  to  a  boat  rowing  agamst  • 
h^4iYT  $urf.  lnd<^<\i«  uuder  some  circomstanoes  her  safety  will  de- 
i^xkI  \>tt  iho  uitt\v>$t  pixsssihle  speed  being  attained  on  meetiDg  a  sea. 
VVx^  if  thi*  wa  N»  wallj  boavT,  and  the  wind  blowing  a  hard  on- 
*>Axr^  ^W,  i:  o^n  onlj  N*  br  ihe  utmost  exertions  of  the  crew  that 
»x\^  h(Nftd>h*V  <'<ii^  ^"^  made.  The  great  danger  then  is,  that  an  ap- 
\v\vAohir^  biNiYy  $ini  may  canr  the  boat  away  on  its  front,  and  tnm 
it  bTvyad$id<»  v\n«  iv  U(v>«nil  it>  either  effect  being  immediately  fatal 
A  K>ar»  \>t\ly  v>hanvv  iu  $uch  a  case,  is  to  obtain  snch  way  as  shall 
«>uabV  ht'T  to  (va$s!k  ond  on  thion^rh  the  crest  of  the  sea,  and  leave  it 
a$  $^\M\  as  iH>»^V>le  behind  her.  Of  course,  if  there  be  a  rather  hea^y 
«^urf,  but  uv^  Yiriud^  v>r  t):e  wind  off  ^ore  and  opposed  to  the  soif, 
»jt  is  of  I  en  th<!»  oa$e«  a  bv>at  mi^bt  be  propelled  so  rapidly  through  it, 
that  hot  Vvw  w-\ni\l  fail  more  suddenly  and  heavily  after  toppiogthe 
«^ea,  than  if  i'.er  ^*ay  bad  been  checked  ;  and  it  m^  therefore  only 
l^  when  the  $t\»  i^  of  $uch  magnitude,  and  the  boat  of  such  charao> 
ter.  th;xt  then^  may  be  a  chance  of  the  former  carrying  her  back  be- 
fore \t,  that  fwU  svhhhI  should  l^e  given  her. 

It  mny  also  hap(H^u  that  by  careful  management  under  snch  dr* 
cumstaiuvs,  a  U>at  may  be  able  to  avoid  the  sea,  so  that  each  wave 
ii\ay  break  ahead  of  her»  which  way  be  the  only  chance  of  rafety  in 
a  sautUl  bvvit ;  but  if  the  shore  be  tlat,  and  the  broken  water  extend 
to  a  jrreat  distance  from  it^  this  will  often  be  impossible. 

The  following  general  rules  for  rowing  to  seaward  may  therefore 
be  rt^ied  on : 

1.  If  sulficieut  command  can  be  kept  over  a  boat  by  the  skill  of 
thi^vse  on  In^artl  her»  avoid  or  **  doilpe  **  the  sea  if  possible,  so  as  not 
to  met  t  it  at  the  moment  of  its  breaking  or  curling  over. 

2.  Agrainst  a  head  gale  and  heavy  surf,  get  all  possible  speed  on  a 
boat  on  the  approach  of  every  sea  which  cannot  be  avoided. 

If  more  speed  can  be  given  to  a  boat  than  is  sufficient  to  prevent 
her  from  being  carried  IkQck  by  a  surf,  her  way  may  be  checked 
on  its  approach^  which  wi.l  give  ^ex  aai  easier  passage  over  it. 
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On  Running  before  a  Broken  Sea  or  Snrf  to  the  Shore. 

The  one  great  danger  when  mnning  before  a  broken  sea  is  that 
of  hroaMng-to.  To  that  peculiar  effect  of  the  sea,  so  frequently 
destructive  of  human  life,  the  utmost  attention  must  be  directed. 

The  cause  of  a  boat's  broaching- to  when  running  before  a  broken 
sea  or  surf  is,  that  her  own  motion  being  in  the  same  direction  as 
that  of  the  sea,  whether  it  be  given  by  the  force  of  oars  or  sails,  or 
by  the  force  of  the  sea  itself,  Bhe  opposes  no  resif^tance  to  it,  but  is 
carried  before  it.  Thus,  if  a  boat  be  running  with  her  bow  to  the 
shore,  and  her  stem  to  the  sea,  the  effect  of  a  surf  or  roller  on  its 
overtaking  her  is  to  throw  up  the  stern,  and,  as  a  consequence,  to 
depress  the  bow ;  if  she  then  has  sufficient  inertia  (which  will  be 
proportional  to  weight)  to  allow  the  sea  to  pass  her,  she  will  in  suc- 
cession pass  through  the  descending,  the  horizontal,  and  the  ascend- 
ing positions,  as  the  crest  of  the  wave  passes  successively  her  stem, 
her  midships,  and  her  bow,  in  the  reverse  order  in  which  the  same 
po'titions  occur  to  a  bjat  propelled  to  seaward  against  a  surf.  This 
may  be  defined  as  the  safe  mode  of  running  before  a  broken  sea. 

But  if  a  boat  on  being  overtaken  by  a  heavy  surf  has  not  suf- 
ficient inertia  to  allow  it  to  pass  her,  the  first  of  the  three  positions 
above  enumerated  alone  occurs — her  stern  is  raised  high  in  the  air, 
and  the  wave  carries  the  boat  before  it  on  its  front,  or  unsafe  side, 
sometimes  with  frightful  velocity,  the  bow  all  the  time  being  deeply 
immersed  in  the  hollow  of  the  sea.  where  the  water  beinsf  stationary, 
or  comparatively  so,  offers  a  resistance,  whilst  the  crest  of  the  sea, 
having  the  actual  motion  which  causes  it  to  break,  forces  onward 
the  stern  or  rear  end  of  the  boat. 

A  boat  will,  in  this  position,  sometimes  aided  by  careful  oar-steer- 
ing, ran  a  considerable  distance,  until  the  wave  has  broken  and 
expended  itself.  But  it  will  often  happen  that  if  the  bow  be  low, 
it  will  be  driven  under  water,  when  the  buoyancy  being  lost  forward 
whilst  the  sea  presses  on  the  stem,  the  boat  will  be  thrown  (as  it  is 
termed)  end  over  end  ;  or  if  the  bow  be  high,  or  it  be  protected  as  in 
most  life-boats  by  a  bow  air-chamber,  so  that  it  does  not  become  sub- 
merged, then  the  resistance  forward,  acting  on  one  bow.  will  slightly 
torn  the  boat's  head,  and  the  force  of  the  surf  being  transferred  to 
the  opposite  quarter,  she  will  in  a  moment  be  tvLm^d  YQrakCi^  Vst^^*^^- 
side  bj  the  aea,  and  he  thrown  by  it  on  her  beaxn-^wda,  c>i  ^^^'ijfi^Oawt 
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capsized.  It  is  in  this  manner  that  most  boats  are  npeet  in  a  surf, 
especially  on  flat  coasts,  and  in  this  way  many  lives  are  annnally  loek 
amongst  merchant  seamen  when  attempting  to  land  after  being  oom* 
polled  to  desert  their  vessels. 

Hence  it  follows  that  the  management  of  a  boat  when  landing 
through  a  heavy  snrf,  must,  as  far  as  possible,  be  assimjlated  to  that 
when  proceeding  to  seaward  against  one,  at  least  bo  far  as  to  stop 
her  progress  shoreward  at  the  moment  of  being  overtaken  by  a  heavy 
sea,  and  thus  enable  it  to  pass  her.  There  are  different  ways  A 
effecting  this  object : 

1.  By  turning  a  boat's  head  to  the  sea  before  entering  the  broken 
water,  and  then  backing  in  stern  foremost,  paUing  a  few  strokes 
ahead  to  meet  each  heavy  sea,  and  then  again  backing  astern.  If  • 
sea  be  really  heavy  and  a  boat  small,  this  plan  will  be  generally 
the  safest,  as  a  boat  can  be  kept  more  nnder  <x)mmand  when  the 
full  force  of  the  oars  can  be  used  against  a  heavy  surf,  than  by 
backing  them  only. 

2.  If  rowing  to  shore  with  the  stem  to  seaward,  by  backing  all 
the  oars  on  the  approach  of  a  heavy  sea,  and  rowing  ahead  again  as 
soon  us  it  has  passed  to  the  bow  of  the  boat,  thus  rowing  in  on  the 
back  of  the  wave  ;  or,  as  is  practiced  in  some  life-boats,  placing  the 
after-oarsmen  with  their  faces  forward,  and  making  them  row  back 
at  each  sea  on  its  approach. 

8.  If  rowed  in  bow  foremost,  by  towing  astern  a  pig  of  ballast  or 
large  stone,  or  a  large  basket  or  canvas  bag,  termed  a  '*  drogue**  or 
drag,  made  for  the  purpose,  the  object  of  each  being  to  hold  the 
boat's  stem  back,  and  prevent  her  being  turned  broadside  to  the  sea, 
or  broaching-to. 

A  boat's  sail  bent  to  a  yard,  and  towed  astern  loosed,  the  yard 
being  attached  to  a  line  capable  of  being  veered,  hauled,  or  let  go, 
will  act  as  a  drogue,  and  tend  much  to  break  the  force  of  the  sea 
immediately  astern  of  the  boat. 

Heavy  weights  should  be  kept  out  of  the  extreme  ends  of  a  boat; 
but  when  rowing  before  a  heavy  sea,  the  best  trim  is  deepest  by  the 
stern. 

A  boat  should  be  steered  by  an  oar  over  the  stem,  or  on  one 
quarter  when  running  before  a  sea,  as  the  rudder  will  then  at  times 
be  of  no  use.  If  the  rudder  be  shipped,  it  should  be  kept  amidships 
on  a  sea  breaking  over  the  Btetn. 
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The  following  roles  may  therefore  be  depended  on  when  running 
before,  or  attempting  to  land  through  a  heavy  surf  or  broken 
water : 

1.  As  far  as  possible  avoid  each  sea,  by  placing  the  boat  where  the 
sea  will  break  ahead  or  astern  of  her. 

2.  If  the  sea  be  very  heavy,  or  if  the  boat  be  very  small,  e'^peci- 
ally  if  she  have  a  square  stem,  bring  her  bow  round  to  seaward  and 
back  her  in,  rowing  ahead  against  each  heavy  surf  that  cannot  be 
avoided  sufficiently  to  allow  it  to  pass  the  boat. 

3.  If  it  be  considered  safe  to  proceed  to  the  shore  bow  foremost, 
back  the  oars  against  each  sea  on  its  approach,  so  as  to  stop  the 
boat*B  way  throngh  the  water  as  far  as  possible,  and  if  there  is  a 
drogae,  or  anything  in  the  boat  that  may  be  used  as  one,  tow  it 
astern  to  aid  in  keeping  the  boat  end-on  to  the  sea,  which  is  the 
chief  object  in  view. 

4.  Bring  the  principal  weights  in  the  boat  toward  the  end  that  is 
to  seaward,  but  not  to  the  extreme  end. 

5.  If  a  boat  worked  by  sails  or  oars  be  miming  under  sail  for 
the  land  through  a  heavy  sea,  her  crew  should  under  all  circum- 
stances, unles4  the  beach  be  quite  steep,  take  dowu  the  masts  and 
sails  before  entering  the  broken  water,  and  take  her  to  land  under 
oars  alone,  as  above  described. 

If  she  have  sails  only,  her  sails  should  be  much  reduced,  a  half- 
lowered  fore-sail  or  other  small  head-sail  being  sufficient. 

Beaching  or  Landing  Through  a  Surf. 

The  running  before  a  surf  or  broken  sea,  and  the  beaching  or 
landing  of  a  boat,  are  two  distinct  operations  ;  the  management  of 
boats,  as  above  recommended,  has  exclusive  reference  to  ruuning 
before  a  surf  where  the  shore  is  so  flat  that  the  broken  water  ex- 
tends to  some  distance  from  the  beach.  Thus  on  a  very  steep  beach, 
the  first  heavy  fall  of  broken  water  will  be  on  the  beach  itself,  whilst 
on  some  very  flat  shores  there  will  be  broken  water  as  far  as  the  eye 
can  reach,  sometimes  extending  to  even  four  or  five  miles  from  the 
land.  The  outermost  line  of  broken  water  on  a  flat  shore,  where 
the  waves  break  in  tiuree  or  four  fathoms  water,  is  the  heaviest,  and 
therefore  the  most  dangerous,  and,when  it  has  been  passed  throxi^K 
in  safety,  the  danger leaaeDB  aa  the  water  ahoaAa^  \»i^\\  ou  'si^'oxvs^ 
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the  land  ita  force  is  spent  and  its  power  harmless.   AstheohamotM 
of  the  sea  is  quite  different  on  steep  and  flat  shores,  so  is  the  otf- 
tomarj  management  of  boats,  on  landing,  different  in  thetwosituar 
tions.     On  the  flat  shore,  whether  a  boat  be  run  or  backed  in,  she  is 
kept  straight  before  or  end  to  the  sea  until  she  is  fairly  aground, 
when  each  surf  takes  her  further  in  as  it  overtakes  her,  a:ded  by 
the  crew,  who  will  then  generally  jump  out  to  lighten  lier,  and  diag 
her  in  by  her  sides.     As  above  stated,  sail  will,  in  this  case,  hate 
been  previously  taken  in  if  set,  and  the  boat  will  have  been  rowed  , 
or  backed  in  by  oars  alone. 

On  the  other  hand,  on  the  steep  beach  it  is  the  general  practice, 
in  a  boat  of  any  size,  to  retain  a  speed  right  on  to  the  beach,  and  in 
the  act  of  landing,  whether  under  oars  or  sail,  to  turn  the  boaii^s 
bow  half  round  toward  the  direction  from  which  the  surf  is  ronning, 
so  that  she  may  be  thrown  on  her  broadside  up  the  beach,  when 
abundance  of  help  is  usually  at  hand  to  haul  her  as  quickly  as  posa* 
ble  out  of  the  reach  of  the  sea.  In  such  situati<m8  we  believe  it  is 
nowhere  the  practice  to  back  a  boat  in  stem  foremost  nnder  oars, 
but  to  row  in  under  full  speed  as  above  described. 

Carr3ring  Stores. 

Do  not  overload  a  boat,  particularly  with  men  or  sand.  Band  is 
much  lighter  when  dry  than  when  wet.  Keep  all  casks  *'  bung  up" 
and  leave  space  aft  for  baling  out  the  boat.  Have  tarpaulins  for 
covering  stores.  When  loading,  make  large  allowance  for  the  rough- 
ness of  the  water  you  may  have  to  encounter. 

Bemember  that  a  laden  boat  carries  her  way  longer  than  a  light 
one,  therefore  shorten  sail  or  stop  rowing  in  time. 

In  a  tideway,  do  not  forget  what  may  be  done  with  a  warp. 

If  sent  for  treasure,  always  have  a  net  or  cfoivas  bag  to  contain 
the  treasure,  and  a  buoy  rope  to  attach  to  it  to  recover  it  in  case  of 
accident. 

Towing. — In  taking  another  boat  in  tow,  pass  clear  of  her  oars, 
place  yourself  ahead  exactly  in  line,  and  give  way  as  soon  as  you 
have  the  tow-line.  Toggle  the  tow-line  a  little  forward  of  the  stem, 
so  as  to  be  able  to  bear  it  over  the  quarter  to  assist  in  turning,  a3 
your  helm  alone  will  be  of  little  use.  The  heaviest  boats  should  be 
nearest  the  tow.     Boats  will  tow  vnl^i  mcx«8ga&^  c^^oot  if  weighted; 
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Bhot  or  a  few  lengthR  of  stream-chain  may  be  quickly  passed  in  for 
Bach  a  purpose.  'Do  not  give  another  boat  yoar  painter  until  she  is 
right  ahead. 

To  tow  boats  in  any  vessel  above  the  height  of  a  flush  deck,  the 
(ow-Tope  should  be  from  forward.  This  precaution  adds  much  to 
the  safety  of  boats  towed  beyond  their  own  speed.  If  you  tow  from 
forward,  and  your  ship  is  '*by  the  wind,"  the  boat  can  be  kepb  under 
the  shelter  of  the  lee- quarter,  and  still  have  a  good  scope  of  tow- 
rope.  Boats  towed  from  forward  can  be  quickly  prepared  for  ser- 
vice.    The  line  should  be  kept  ready  for  hlipping. 

Rnnning  Warps. — On  taking  in  the  end  of  a  warp,  coil  enough  of 
it  forward,  so  as  to  be  able  to  make  a  bend  the  instant  your  boat 
reaches  the  place  where  the  warp  is  to  be  made  fast.  In  laying  out 
a  heavy  warp,  it  is  best  to  float  its  bi^ht.  A  quick  way  to  run  out  a 
warp,  is  for  one  boat  to  run  away  with  the  end  and  the  other  to 
pull  in  fore  and  aft  nnder  the  bights  as  they  are  paid  out,  giving 
way  the  moment  they  have  hold. 

Guess  Warp. — The  whole  warp  is  sometimes  coiled  in  the  boat, 
and  the  end  being  made  fast  to  some  desirable  place,  the  bont  makes 
for  the  ship.  In  other  cases  a  part  only  is  coiled  in  the  boat  and 
she  carries  it  from  the  ship  to  the  make-fast,  paying  out  as  she  goes. 
In  either  cise  judgment  is  required  in  reserving  enough  line  in  the 
boat  to  ensure  her  reaching  her  destination.  Wind  and  tide  being 
favorable,  take  the  warp  in  the  boat,  pull  to  windward,  and  run 
from  make -fast  to  ship.      Wet  warps  require  very  careful  seizings. 

Boat  Standing  for  the  Ship  and  Unable  to  Fetch  Up. — When  a 
boat  is  unable  to  puU  up  against  a  lee  tide,  or  against  a  strong  wind 
and  sea,  veer  a  line  astern  with  a  buoy  or  breaker  on  the  end,  and  a 
second,  and  even  a  third  buoy  will  serve  to  float  the  bight  and  carry 
the  line  more  quickly.  When  the  weather  will  admit,  this  service 
may  be  quicker  done  by  sending  a  boat  to  carry  the  end  of  the  line 
to  the  boat  in  distress,  and  haul  both  up  together,  the  boats  giving 
way  at  the  same  time. 

Caught  in  a  Pog. — If  after  towing  a  ship  out  of   harbor  you 
should  be  caught  in  a  fog.  go  on  board  the  ship  you  have  been  tow- 
ing, take  the  bearing  of  the  port,  known  by  the  co\3l\^^  %\fc^\^^^  ^x 
the  relative  direction  of  the  wind  if  it  is  Bteixdy.  an^  ^w^  q'^^V'^'k^- 


338  MANAGEMENT  OP  BOATS.  Sicc.  VL 

iDg  the  ship  on  the  proper  bearing  as  long  as  possible  till  yon  get  in 
shore.  The  lead  most  be  kept  going,  and  the  soundings  willt-dlyoa 
if  you  are  nearing  the  shore.  The  ship  may  also  heave-to  and  fii6 
£^an8  at  intervals,  till  you  have  time  to  get  into  port. 

To  Set  Fire  to  a  Ship  or  Buildings. — If  sent  away  on  this  eer- 
vice,  take  with  you  a  lighted  slow-match  and  port-fire.  If  you  »r« 
away  without  either,  the  quickest  way  to  make  a  fire  is  by  mixing  a 
couple  of  cartridges  up  into  a  devil^  and  setting  fire  to  it  by  means 
of  a  piece  of  paper  smeared  with  wet  powder,  fired  out  of  a  rifle 
with  reduced  charge.  A  cap,  struck  with  a  knife,  having  a  piece  of 
touch-paper  in  it  will  do  if  the  report  of  a  rifle  would  be  inoon- 
venient. 

General  Duties. — A  boat  may  be  got  upon  a  beach  easily  lij 
placing  stretchers  or  thwarts  under  the  keel ;  of  course  roUeis  are 
better. 

If  you  have  tackles,  you  can  get  a  pull  by  burying  your  anchor, 
keeping  a  hand  on  it  to  prevent  it  from  rising.  All  boats  fihonld 
have  a  hole  in  the  fore-foot,  through  which  a  strop  for  the  tacUe 
can  be  rove. 

Sea-weed  acts  like  soap  on  the  ways. 

When  weighing  anything  heavy  over  the  stem,  have  the  rop« 
amidships,  and  secure  it  there  to  prevent  slipping. 

To  get  a  boat  under  a  low  bridge  or  like  obstruction,  take  out  the 
plug  until  she  can  go  under. 

When  sent  to  land  parties  on  a  shallow  beach,  take  a  howitzst* 
carriage  and  some  light  planks ;  by  hauling  the  carriage  between  tbo 
boat  and  the  beach,  you  may  lay  a  platform  from  one  to  the  othef) 
and  rig  a  temporary  jetty. 

The  field-carriage  also  makes  a  good  **  devil-cart,'*  and  buried, with 
one  wheel  and  axle  left  above  ground,  may  serve  as  a  capstan  by 
lashing  oar-looms  on  the  spokes. 

When  there  is  a  rise  and  fall  of  tide,  great  weights,  such  as  a  gnJ* 
for  example,  may  be  got  into  a  boat  by  filling  the  boat  at  low  water 
with  sand,  banking  up  an  inclined  plane  with  shingle,  rolling  tbe 
gun  into  the  boat,  clearing  out  the  sand,  and  allowing  the  tide  to 
float  her  off. 

The  best  way  to  transport  on  land  a  moderate-sized  boat,  is  to  tarn 
Jier  bottom  up  and  shouldei  \ieXv 
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A  fortj-two  foot  launch  will  carry  in  bulk,  in  smooth  water,  about 
twenty  tons  of  water. 

In  rafting  casks,  knock  the  inner  hoop  off  each  end,  and  drive  it 
on  again  over  a  sennet-bscket ;  stop  the  raft-line  to  these  beckets, 
but  do  not  reeve  it,  as  the  casks  can  thus  be  more  readily  detached. 

In  anchoring  a  boat  on  rocky  ground,  bend  the  cable  to  the  crown 
of  the  anchor,  and  stop  it  to  the  ring  before  letting  go ;  then,  if  the 
flukes  jamb,  the  stop  will  carry  away,  and  the  anchor  may  easily  be 
weighed. 

Creeping  for  Anchors. 

When  a  cable  has  parted,  or  has  been  slipped,  and  there  is  no 
buoy,  it  may  be  "crept  for*'  in  the  direction  of  the  compass  bear- 
ings. 

Boats  having  a  rope  with  the  bight  weighted,  which  keeps  it  on 
the  bottom,  row  on  parallel  courses  some  distance  apart.  When  the 
rope  comes  in  contact  with  the  flukes  ot  the  anchor,  the  boats  cross 
each  other^s  -course ;  a  hawser  is  liauled  round  the  fluke  by  means  of 
the  oreeping-rope ;  an  anchor-shackle  is  then  put  on  both  parts  of 
the  hawser,  and  allowed  to  run  down  to  the  anchor  to  jam  the  parts 
together  to  prevent  the  hawser  from  slipping  off  when  weighing  the 
anchor. 

The  best  way  to  row  is  in  line  with  the  shank, and  perhaps  a  small 
chain  will  be  found  more  efficient  than  a  line  for  creeping.  If  there 
be  a  tide,  it  will  save  trouble  to  lay  out  two  kedges,  by  which  the 
boats  can  be  warped  to  and  fro. 

In  creeping  for  a  cable,  two  Jis?i-?iooks  joined  at  the  eyes,  and  kept 
apart  with  the  hooks  in  the  same  direction  by  battens  lashed  across 
their  backs,  form  an  excellent  creeper. 

It  is  dragged  by  the  eyes,  and  kept  hooks  downward  by  a  small 
baok-rope.  A  boat's  anchor  may  sJso  be  used,  but  the  back-rope 
must  never  be  omitted,  as  it  serves  to  clear  it  whenever  entangled  at 
the  bottom. 

Canning  Anchors  Out  by  Boats. 

With  boats  having  tubes  fitted  for  the  purpose,  the  anchor  is  low- 
ered down  and  the  flukes  hove  up  under  the  boat's  bottom  by  two 
parts  of  a  stout  rope,  the  bight  of  which  is  around  an  arm  of  the 
anchor  ;  the  ends  are  led  through  the  pipe  and  brought  to  the  wind- 
li 
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The  stock  is  hung  horizontally  from  the  stem. 
Heavy  guns  may  be  carried  in  the  same  manner. 

Stream- Anchor. — In  carrying  out  the  stream-anchor,  leceiye  it 
athwart  the  after  part  of  the  boat.  Hoist  it  ont  by  the  ring ;  when 
t^e  crown  is  below  the  gunwale,  hang  it  with  a  rope  from  the  bot- 
tom bolt  around  the  arms,  and  then  lower,  bearing  the  stock  over 
the  opposite  g^^nwale. 

After  the  anchor  is  in  place,  bend  on  the  cable  (under  the  stock). 
If  the  anchor  is  very  short,  place  a  thwart  across  the  stem,  lay  two 
capstan- bars  fore  and  aft,  and  land  the  anchor  fore  and  af6  on  tbifl 
platform,  flukes  aft.  If  the  anchor  is  fitted  with  slings,  it  can  be 
handled  with  great  facility. 

Whenever  the  anchor  is  to  be  weighed  again  by  a  boat,  put  ft 
block  on  the  crown  and  reeve  a  double  buoy-rope  through  it  before 
letting  go. 

To  Carry  Out  an  Anchor  by  Boat  when  the  Ship  is  on  Shore. 

If  there  be  much  wind  or  sea,  first  lay  out  a  kedge  to  haul  out  bj ; 
let  the  boat  carry  along  the  end  of  a  stout  line,  and  after  the  kedge 
is  let  go,  bend  the  end  of  the  hawser  to  the  line,  when  the  hawser 
can  be  hauled  in  from  the  ship.  Meanwhile  rig  the  fish- davit ;  clap 
two  strops  around  the  outer  arms  of  the  anchor,  and  seize  in  two 
thimbles,  through  which  reeve  the  end  of  the  buoy- rope,  and  stop  it 
along  to  the  shank  to  keep  it  middled. 

Put  a  long  pair  of  slings  round  the  shank  before  the  stock,  and 
lash  to  the  upper  end  of  the  stock  to  keep  it  perpendicular.  Pass  ft 
piece  of  rope  round  the  8hank,and  stop  its  ends  up  the  upper  end  of 
the  stock. 

Hook  the  fish-tackle  to  the  inner  arm  from  aft  forward  ;  hook  the 
cat  to  the  stock-slings  and  get  the  anchor  out,  keeping  the  ^iock 
perpendicular  and  shank  horizontal,  until  ib  is  about  three  or  four 
feet  under  water. 

Bring  the  stern  of  the  launch  against  the  stock,  and  haul  her  side 
close  in  to  the  fish  ;  secure  the  stocic  of  the  anchor  to  the  stem  by 
the  ring-stopper,  passing  the  turns  through  all  of  the  stem  jm%- 
bolts  ;  bring  the  ends  of  the  buoy-rope  in  taut  on  each  side,  through 
the  row-locks,  and  secure  the  bights  through  the  foremost  ring 
bolts. 


Sec.  VI.  MANAGEMEJ^T  OF  BOATS.  341 


Ease  up  and  unhook  the  cat  and  fish-tackles ;  stop  a  length  of 
cable  aroand  the  boat  outside^  and  range  as  much  chain  in  the  bot- 
tom as  it  is  necessary  to  carry  out,  stopping  it  at  intervals  and  mak- 
ing the  end  weUftist. 

When  about  to  let  g^  the  anchor,  get  a  cast  of  the  lead  to  make 
sure  that  you  have  cable  enough  outeide  the  boat  to  reach  bottom, 
and  hang  it  to  the  stern  that  no  more  may  run  out. 

Let  go  the  anchor  with  the  boat^s  bow  from  the  ship,  either  cut- 
ting or  slipping  all  lashings  at  once. 

Lash  a  bar  across  the  stern,  and  veer  away  the  cable  cautiously, 
fathom  by  fathom. 

If  the  end  of  another  cable  be  brought  to  you,  shackle  it,  keeping 
the  shackle  outside  the  boat,  and  throw  out  the  bight,  letting  both 
parts  hang  from  the  stem,  and,  when  all  clear,  slip  the  bight. 

Anchors  should  be  laid  out  before  lightening  the  ship,  otherwise 
she  may  be  driven  further  on  shore. 

When  the  boat  is  unequal  to  the  weight,  sling  four  casks  in  pairs, 
marrying  and  snaking  the  slings.  Weigh  the  stern  of  the  boat,  and 
bear  the  casks  underneath  to  increase  the  buoyancy  of  the  boat. 
With  a  large  boat  so  fitted,  the  anchor  may  be  hung,  with  its  stock 
horizontal,  across  the  stem  and  more  cable  carried  out.  This  is  a 
quick  method,  but  if  the  anchor  be  too  heavy  to  carry  in  this  man- 
ner, the  flukes  may  be  hove  up  under  the  bottom  and  secured  as  be- 
fore. 

Method  with  Two  Boats. 

Lower  the  anchor,  stock  horizontal,  tr»  the  water  and  haul  up  the 
boats  stem  foremost,  about  the  breadth  of  the  palm  of  the  anchor 
from  each  other,  and  on  each  side  of  the  shank. 

Hang  the  stock  with  slip-ropes  from  the  after  ring-bolts  of  the 
boats,  over  a  spar  lashed  across  their  sterns.  Another  spar  is 
lashed  across  the  gunwale  of  both  boats  before  the  palm. 

The  spar  must  be  chocked  up  at  the  gunwale,  ends  of  thwarts, 
and  amidships,  from  the  keelson. 

Secure  the  fluke  of  the  anchor  to  the  forward  spar  with  a  strop 
or  toggle,  or  lashing  handy  for  cutting.  The  cable  may  be  bent 
and  its  bights  borne  by  other  boats  as  the  launches  haul  out  by  the 
kedge.     The  buoy-rope  should  be  under  the  apat  to  %q  Q\»ax. 
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Always  take  punches,  pins  and  hammers  in  a  boat  when  settM 
out  on  an  anchor  expedition. 

I     Hemp  or  wire-cables  are  lif^hter  and  may  often  be  nsed  with  9^' 
vantage.     Anchors  weigh  about  one-tenth  less  in  salt  water. 

Vessels  may  sometimes  be  gotten  off  by  transporting  anchors  ^ 
the  quarters  and  letting  them  go,  carrying  the  cable  to  the  bowsf»^^ 
heaving  in. 

BOAT  RACING. 

The  Following  Rules,  Drawn  up  for  the  Channel  Fleet  Rega^^ 
of  1872,  may  be  found  Usefdl  in  Future. 

1.  The  sailing  course  to  be  triangular,  and  about  six  miles  lof&if- 
A  special  course  (about  four  miles)  will  be  made  for  single-banl^^ 
boats.  The  long  rowing  course  to  be  about  two  and  a  hsXt  mil^^'i 
the  middle  course  about  one  mile  and  three-fourths ;  and  the  i^orfe 
course  one  mile. 

2.  All  buoys  to  be  left  on  port-hand  by  rowing  boats. 

3.  The  direction  in  which  sailing-boats  start  to  be  decided  byft*^^ 
committee  on  the  moming  of  sailing. 

4.  The  committee  reserve  to  themselves  the  power  of  altering^  ^^ 
increasing  the  course,  if  requisite,  or  of  altering  the  days  for  pull:v^'^ 
and  sailing  according  to  the  weather. 

5.  In  all  races,  three  boats  to  start,  or  no  race. 

6.  In  races  where  a  second  prize  is  given,  four  boats  to  starts  ^ 
no  second  prize.  When  a  third  prize  is  given,  six  boats  to  start,  ^ 
no  third  prize. 

7.  All  objections  to  be  lodged  with  the  committee  within  half  ^^ 
hour  of  the  objecting  boat  passing  the  winning-post.  The  decisi-^'^ 
of  the  committee  to  be  final.  . 

8.  Entries  to  close  at  noon  on  the  day  before  the  regatta,  and  "^ 
be  addressed  to  the  Secretary- of  the  Regatta  Committee. 

9.  All  boats  to  carry  distinguishing  flags,  17  x  14  inchea  • 

10.  Any  additional  funds  wiU  be  added  to  the  prizes  or  disposed    ^^ 
as  the  committee  may  decide. 

11.  In  the  service  races,  no  boats  to  be  allowed  to  use  more  th^^? 
the  regfulatiou  number  of  oars;  the  oars  to  be  pulled  from.tii^^_, 
proper  thwarts,  and  in  sailing-races  service  rigs  to  be  adhered 

neither  iron  ballast  nor  ialBe  kec\B\A>^^Q'«^.  Water  ballast  oi 
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permitted.     "  Service  rig  "  is  to  be  undei'stood  as  the  ordinary  work- 
ing rig  of  the  boat. 
1^.  In  all  service  races  ballast  may  be  trimmed,  but  not  started. 

13.  The  officer  who  acts  as  a  member  of  the  committee  to  do  his 
utmost  to  see  that  all  boats  of  his  own  ship  abide  by  the  rules. 

14.  No  member  of  the  committee  is  allowed  to  pull  or  sail  in  a 
racing  boat. 

Programme. 


FiBST  Day.— Rowing. 

Second  Day.— Sailing. 

No. 

Baces. 

No. 
1 

Races. 

1 

Pinnaces.     Long  ooutra. 

All  launches.     One  prize  for  steam, 

3 

G^igH,  4  oars.    Middle  coarae. 

and  one  for  other  launches. 

3 

All  launches,  18  oars.    Long  course. 

4 

Dingles,  4  oars.     Short  course. 

2 

Pinnaces. 

5 

Catters  and  barges,  12  oars  or  less. 

Long  course. 

8 

Cutters  and  barges  over  28  feet. 

6 

Whalers  and  5-oared  gigs.    Middle 

oonrse. 

4 

Cutters,  28  feet  and  under. 

7 

Launches,  palled  by  marines.  Long 

course. 

6 

Life-boats. 

8 

4  and  6-oared    gigs  and  whalers, 

pulled  by  boys.    Middle  course. 

6 

Single- banked  i)oats. 

9 

Galleys    and  6-oared  gigs.      Long 

course. 

Champion  copper  punt  race,  no  sails, 

10 

Cutters  and  jolly-boats,  8  or  10  oars.  ! 
Middle  course. 

to  be  paddled  with  shovels. 

No  boat  entering  for  No.  5  can  pull 

Tubs  without  keels,  duck  hunts,  etc. 

in  this  race. 

11 

Dinglef,  pulled  by  marines.    Short 

Fancy  dresses  admissible. 

courfle.                                                1 

12 

Cutters,  12  oars,  pulled  by  stokor??. 

Middle  course.                                  ' 

- 

13 

6  oared  galleys,  pulled  by  officei-s. 
Middle  course. 

14 

Cutters,    12  oars,  pulled  by  boys. 
Middle  course. 

■ 

15 

All  comers ;  boats  may  be  dOublc- 
banked.    Long  course. 

16 

Consolation  stakes  for  all  boats  that 

have  raced,  but  won  nothing. 
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Additional  Regulations  drawn  up  for  the  Regatta  of 

1874. 

1 .  In  the  service  races,  no  boats  to  be  allowed  to  use  more 
the  regulation  number  of  oars  ;  the  oars  to  be  pulled  on  their  proper 
thwarts  (except  in  Nos.  5  and  8  Races). 

3.  The  committee  will  give  directions  previous  to  the  race  oia 
which  hand  the  buoys  are  to  be  left. 

3.  An  officer  to  be  in  all  double-banked  boats. 

4.  If  the  boat^s  crew  are  seamen,  a  seaman  is  to  steer ;  if  ma 
rines,  a  marine  is  to  steer;  if  composed  of  stokers,  a  stoker  is 
steer. 

5.  Any  boat  purposely  fouling  another,  or  making  use  of  the  ves- 
sels  or  buoys  staiioned,  as  tiiming-poinis  for  the  purpose  of  round- 
ing more  readily,  will  be  disqualified. 

6.  All  boats  to  be  sailed  by  a  full  boat's  crew. 


7.  All  boats  in  the  proximity  of  any  boat  that  may  capsize  are 
render  immediate  assistance,  and  such  boats  shall  have  the  optic 
of  sailing  the   two  winning  boats,  provided  the  committee  are  ot^ 
opinion  that  the  boats  rendering  assistance  stood  a  chance  of  takini 
either  of  the  prizes. 


8.  In  the  event  of  any  boat  capsizing  in  the  early  part  of  thi 
ixice,  the  committee  have  the  power  of  recalling  all  boats  and  start^ — ■ 
ing  them  afresh. 

9.  Any  boat  using  propelling-power,  such  as  oars,  balers, 
or  feet  iu  the  watar,  to  be  disqualified. 

10.  The  rules  of  the  road  with  regard  to  meeting  or  passing,  o: 
-giving  way  to  one  another,  are  to  be  strictly  adhered  to,  and  an, 

boat  purposely  fouling  another  will  be  disqualified. 

11.  Any  boat  capsizing,  both  officer  and  boat  shall  be  excluded 
from  racing  af^ain  for  that  particular  prize. 
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First  Day. — Rowing  Races. 


5fo. 


1 

2 

3 
4 

5 

6 

7 

8 

» 

10 

11 

12 

33 

14 

15 


16 
IT 


Class  of  boats. 


Cutters 

Whalers 

Launches 

Dingies 

Cutters 

CkJleys 

Pinnaces    

Cutters 

Whalers  and  g  gs 

Launches ... 

Cutters s 

Whalers  and  gigs 

Cutters    

Cutters 

All  comers,  in  service  boats ;  oars  ) 
may  be  double-banked  ) 

Consolation  stakes,  for  boats  that ) 
have  raced  and  won  nothing      j* 

3  Tvice  boats  belonging  to  their ) 
own  ships  ) 


s  o 


12 

6 

18 

4 
1 

12 

6 

14 

12 

5 

18 

10 

6 

8 

12 


6.S 

W    M    U 


£0 
42 
28 

82 

23 

42 

28 

23 

80 


S% 


Long. 

Middle. 

Long. 

Short. 

Long. 
it 

tk 

ti 

Middle. 
Long. 

44 

Middle. 
Long. 
Long. 

Middli*. 


By  whom 
pulled. 


Seamen. 

Midshipmen. 

Seamen. 

Boys. 

Marines. 

Seamen. 


ti 


Stokers. 
Boys. 
Marines. 
Seamen. 


it 


Boys. 
(  Seamen, 
^  Stokers,  and 
/  Marines. 

Seamen, 

Stokers,  and 

Marines. 


) 


Officers'. 


JSecond  Day — The  same  races  cut  in  1872. 


SOUNDING,  NAUnOAL  SX7RVBYING,  BTO. 

Sounding  is  especially  work  for  the  sailor,  requiring  all  the  ready 
vit  and  tact  of  his  profession. 

in  a  detailed  survey  of  a  harbor,  the  hydrographic  work  will  be 
nade  more  complete  and  symmetrical  by  the  adoption  of  a  plan  of 
lonnding  lines  prior  to  the  commencement  of  the  work. 

The  selection  of  the  plan  is  determined  by  the  degree  of  accuracy 
.^quired,  the  time  which  may  be  given  to  the  woxV,  >i3t\!fe  \i\SL\c^«t  <^\. 
^bseryers^  and  the  ooDditiona  of  winds,  weatYiet  MxiQi  c\«x«oXa. 
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A  vessel  may  at  times  be  anchored  in  a  bay  or  off  a  coast  of  wM 
no  chart  exists  ;  in  this  case  it  may  be  considered  necessary  not  onl; 
to  sound  round  the  ship,  but  to  be  able  to  make  some  report  a_ 
the  anchorage.     If,  therefore,  circumstances  prevent  a  regular  sur 
vey  of  the  place  being  made,  some  idea  of  its  form,  extent,  am 
depth  of  water  may  be  arrived  at  by  simply  running  lines  of  sound 
ings  from  the  ship  anchored   near  the  centre,  to  the  prominen' 
points,  noting  at  these  points  the  mast-head  angle,  taken  both  on  an< 
off  the  arc,  and  the  compass-bearing  of  the  ship. 

In  such  a  case  a  flag  should  be  hoisted  close  up  to  the  ship^s  m 
truck,  to  facilitate  the  taking  of  the  mast-head  angle,  and  the  f oUo 
ing  practical  hints  may  be  found  useful. 

The  instruments  by  the  help  of  which  the  important  operation 
of  sounding  is  carried  on,  are  the  sextant,  and  lead  and  line. 

The  Sextant.— The  sailor  should  lose  no  opportunity  of  makiii^ 
himself  thoroughly  conversant  with  this  invaluable  instrument, 
derstanding  all  its  adjustments,  peculiarities,  causes  of  error, 
size  of  angle  to  be  safely  measured  with  it,  and  the  means  of 
quicksilvering  its  reflectors.  * 

When  in  port,  lying  at  anchor,  a  simple  exercise  in  using  the  se: 
tant  is  to  take  a  round  of  angles,  consisting  of  six  or  more,  betwee; 
distinctly  seen  objects  lying  nearly  in  the  same  horizontal  plane,  an^. 
see  how  near  their  sum  may  be  brought  to  360°. 

Handle  the  sextant  both  ways,  inverted  as  well  as  direct ;  circu 
stances  may  prevent  some  objects  being  reflected  from  right  to  * 


'*'  Admiral  Sir  E.  Belcher  gives  the  following  detailed  directioub  for  resilverin.^^ 
sextant  glasses  when  injured  by  damp  or  wet : 

'*  The  requisites  are  clean  tin-foil  and  mercury — a  hareVfoot  is  handy.  Lay  the  tlt»- 
foil,  which  should  exceed  the  surface  of  the  glass  by  a  quarter  of  an  inch  on  emc^f* 
side,  on  a  smooth  surface  (the  back  of  a  book),  rab  it  ont  smooth  with  the  finger,  add 
a  bubble  of  mercury  about  the  size  of  a  small  shot,  which  rab  gently  over  the  tin-foil 
until  it  spreads  itself  and  shows  a  silvered  surface ;  gently  add  sofflcient  mercury  to 
cover  the  leaf,  so  that  its  surface  is  fluid.    Prepare  a  slip  of  clean  paper  the  size  d 
the  tin-foil.    Take  the  glass  in  the  left  hand,  previously  well  cleaned,  and  the  paper 
in  the  right.    Brush  the  surface  of  the  mercury  gently  to  i^ree  it  from  dross.    I*y 
the  paper  on  the  mercury,  and  the  glass  on  it.     Pressing  gently  on  the  glass,  with- 
draw the  paper.    Turn  the  glass  on  its  face,  and  leave  it  on  an  inclined  plane  to 
allow  the  mercury  to  flow  off,  which  is  accelerated  by  laying  a  strip  of  tin-foU  as  i 
cofiductor  to  its  lower  edge.    The  edges  may,  after  twelve  honrs^  rept,  be  removed. 

In  twenty-four  give  it  a  coat  ot  varni<>bYi,  TasA<&^-raai«^V(.V(&Ql  wine  and  red  MaUng- 

wax. " 


Skc.  VL  SOUNDINa,  SURVEYING,  ETC.  847 

and  the  left-hand  object  that  can  be  reflected  mnst  in  suoh  cases  be 
used. 

If  angles  are  taken  between  two  objects  dose  to  each  other,  care 
should  be  taken  that  they  are  in  the  same  horizontal  plane,  or  nearly 
so,  with  large  angles;  the  error  caused  by  obliquity  is  in  these  cases 
small. 

Every  opportunity  should  be  taken  of  fixing  the  position  of  the 
ship  on  the  chart  by  bearings  and  angles. 

If  there  is  a  chart  of  the  harbor,  it  is  good  practice  to  take  angles 
to  the  different  points,  peaks  and  islets,  and,  laying  the  same  off 
from  the  ship's  position,  to  see  if  they  agree  with  those  on  the 
chart.  True  bearings  of  objects,  both  right  and  left  of  the  sun, 
should  be  frequently  observed,  taking  care  that  the  angle  measured 
between  the  sun  and  the  object  is  at  least  double  the  altitude  of  the 
sun. 

The  arc  of  excess  in  most  sextants  is^°,  and  it  is  well  to  measure 
small  angles  off,  as  well  as  on  the  arc  ;  observed  mast-head  angles, 
and  angles  taken  to  peaks  on  making  the  land,  will  generally  be  less 
than  5  ^  Taking  the  angles  off  and  on  the  arc,  adding  them  together 
and  dividing  by  two,  g^ves  an  angle  free  of  index  error.  At  sea, 
measuring  the  son's  semi-diameter,  and  comparing  that  obtained 
with  that  given  in  the  '^  Nautical  Almanac,"  is  excellent  practice.  If 
an  object  is  clear  and  well  defined,  the  inverting- tube  will  be  found 
of  great  assistance. 

Laying  out  targets  in  well-known  harbors  or  roadsteads  by  the 
mast-heaid  angle,  taking  the  angle  both  on  and  off  the  arc,  is  good 
practice  for  the  method  used  for  determining  an  approximate  base 
in  nautical  surveying.  When  the  target  is  moored,  if  time  permits, 
get  a  round  of  angles  from  it ;  these  plotted  on  the  chart  of  the 
harbor  will  afford  an  opportunity  of  testing  the  accuracy  of  the  base 
obtained  from  the  mast-head  angle. 

The  Iiead-Iiine. — In  addition  to  its  use  in  sounding,  the  lead-line 
may  also  serve,  in  the  absence  of  a  chain,  for  measuring  a  base-line 
or  ascertaining  the  height  of  a  cliff.  A  ship's  line  that  has  been 
some  little  time  in  use,  and  is  well-stretched,  should  be  used  for 
this  purpose,  marking  it,  when  wet,  to  feet  as  far  as  five  fathoms, 
having  two  knots  at  twenty  feet  and  a  piece  of  lea>ti\i^x  ^^  \.^^\^- 
four  feet,  or  four  fathoms. 
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The  line  should  always  be  measured  on  the  mdls  driven  into  the 
quarter-deck  for  that  purpose,  both  when  leaving  and  returning  to 
the  ship,  taking  care  that  the  line  is  always  thoroughly  wet. 

If  obliged  to  use  a  new  line,  provision  for  frequent  remeasure- 
ment  of  the  line  in  the  boat  should  be  made,  by  having  the  boat- 
hook  marked  to  feet  for  that  purpose.  The  lead-line  should  always 
be  marked  from  the  heel  of  the  lead. 

Men  should  be  accustomed  to  heave,  the  lead  from  the  boats,  and 
should  be  carefuUy  watched  when  first  at  work,  in  order  to  ensure 
their  giving  correct  soundings.     Some  little  practice  is  required  to 
determine:  first,  when  an   '^up  and  down'*  cast  can  be  obtained 
without  lading  on  the  oars,  and,  secondly,  when  it  is  necessary  to 
stop  the  boat  altogether.     An  awning-stanchion  shipped,  forms 
good  support  for  the  leadsman*s  breast-rope.     The  end  of  the  lin 
should  always  be  secured  before  beginning  to  sound,  and  the  Ic 
should  be  '^  armed"  with  taflow,  as  the  nature  of  the  bottom 
always  be  noted. 

Sounding  in  a  tideway,  it  may  be  necessary  to  anchor  the  boat 
obtain  the  mast-head  or  other  angles  to  fix  the  Loafs  position. 

Equipment  of  Boat.— A  spare  hand  should  be  taken  for  sounding, 
and  the  following  gear  will  be  lequired  : 

Sextant,  compass  ;  if  available  a  patent  log,  fitted  so  that  the  bo 
part  may  be  lashed  on  to  the  gunwale  of  the  boat,  a  long  liy-lin 
bein^  used. 

Two  leads  and  lines,  the  latter  marked  to  feet  as  far  as  five  fath- 
oms, and  one  line  being  forty  fathoms  long ;  the  leads  to  weigh, 
one  seven  pounds  and  the  other  fourteen  pounds. 

Anchor,  with  cable  of  thirty  fathoms.     Yoke-lines  very  long, 
allow  of  the  boat  being  steered   by  the  feet  if  necessary.     Bag  o: 
lime,  whitewash  brush,  bucket  and  baler. 

Matches  and  slow  match ;  strand  of  junk  for  stops.     Old  canv 
or  black  bags  to  make  marks  on  shore.     Tallow  for  arming  leads. 
Two  pigs  of  ballast  or  slung-shot  for  mooring  buoys.     An  axe  nrd  - — 
crow-bar. 

Two  boat's  breakers,  one  filled  with  water  and  the  other  fitted 
a  buoy. 

Note  and  sketch-books,  drawing-instruments  and  small  board; 
telescope  or  binoculars;  and  a  watcYi. 


\ 
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To  Ensure  the  Lines  Sounded  upon  Being  Straight  Lines. — 
The  ship  should  either  be  kept  in  transit  with  some  object  beyond 
her,  or  some  well-marked  object  should  be  found  on  shore  in  line 
with  the  point  or  mark  for  which  it  is  intended  to  steer,  this  second 
mark  lying  sufficiently  far  behind  the  point  steered  for  to  show  auy 
deviation  from  the  straight  line  required.  If  puUiug  or  sailing  to 
seaward,  a  range  must  be  looked  for  astern;  such  objects  being 
kept  in  line  will  ensure  a  straight  course  being  followed.  As  tliere 
is  some  difficulty  in  steering  by  stem  marks,  their  use  should  be 
made  a  point  for  practice. 

In  all  cases  the  compass-bearing  of  the  points  steered  for  or  from 
should  be  noted.  Keeping  the  boat  on  known  straight  lines  or 
ranges  is  the  only  sure  method  of  sounding  in  a  tideway,  or  through 
the  varying  currents  of  a  harbor. 

Running  Lines. — 'The  boat  should  be  propelled  at  a  steady  rate 
upon  the  range,  and  the  whole  distance  timed. 

The  soundings  should  be  noted  at  equal  intervals  and  distances. 
Under  five  fathoms  the  lead  should  be  hove  continuously,  and  the 
boat^s  position  fixed  by  mast-head  angle  of  the  ship. 

A  space  should  be  left  underneath  the  soundings  in  the  note -book, 
in  which  they  may  be  reduced  to  low  water  by  a  table  derived  from 
tidal  observations.  The  reduced  soundings  should  be  noted  in  red 
ink. 

The  time  should  be  noted  whenever  soundings  are  taken,  or  at 
least  every  half -hour. 

Attention  in  the  notation  of  the  time  is  not  only  a  great  assistance 
to  the  memory  when  plotting  the  soundings  on  a  rough  plan, 
but  without  it  the  reduction  of  the  soundings  to  low  water  cannot 
be  accurately  carried  out. 

In  sounding  under  sail,  five  fathoms  may  be  obtained  without 
lowering  the  sail,  but  if  the  water  is  deeper  the  sail  should  be  low- 
ered if  running  free,  or  the  sheet  '*  eased  off  "  when  sailing  near 
the  wind,  to  ensure  getting  an  "up  and  down  cast. " 

In  using  the  boat's  anchor  in  sounding,  where  the  boat  may  be 
frequently  anchored  on  rocky  ground,  it  is  advisable  to  bend  the 
cable  like  a  buoy-rope  to  the  crown  of  the  anchor,  stopping  it  to  the 
ring ;  then  if  the  flukes  jamb  in  the  rock  the  stop  will  carry  away, 
and  the  anchor  may  be  weighed  with  ease.     This  precaution  may 
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aavo  the  boat*s  anchor,  and  preyent  any  disarrangement  of  the  con- 
templated scheme. 

A  Beacon  may  be  contrived  of  a  breaker,  fitted  as  a  bnoy, 
with  a  baoy-rope  of  about  ten  fathoms  of  lead-line,  and  a  pig 
of  ballast  to  moor  it  by.  This  will  be  found  useful  to  drop  upon 
any  sunken  rock  that  may  be  discovered,  the  boat  sonnddng 
around  it  in  all  directions  to  find  out  the  extent  and  nature 
of  the  danger,  carefully  noting  the  courses  steered,  and  estimating 
the  distances  passed  over  from  end  toward  the  beacon.  When  the 
existence  of  isolated  rocks  is  suspected,  sweeping  should  be  resorted 
to,  which  will  require  two  I  oats  with  a  light  line  fitted  with  a  chain- 
bight.  Dangers  of  this  character,  steep  on  all  sides,  will  seldom  be 
revealed  by  casts  of  the  lead.  Having  determined  the  positions  of 
such  dangers,  and  the  soundings  over  them,  with  care,  it  is  also  well 
to  note  the  ranges  which  lead  clear  of  them. 

Note-Book. — The  greatest  care  should  be  taken  in  entering  the 
soundings,  bearings,  mast-head  angles,  time,  and  other  matters  in 
the  note-book  in  such  an  intelligible  manner  that  another  person 
could  use  them,  so  that  in  case  of  accidents,  common  to  seamen,  if 
the  note-book  were  saved  the  work  would  not  be  uselesa  On  return 
to  the  ship,  the  work  should  be  plotted  as  soon  as  possible,  while 
everything  is  fresh  in  the  memory. 

All  Soundings  taken  are  to  be  reduced  to  the  low-water  level  of 
ordinary  spring  tides. 

liOcal  Information. — If  the  bay  or  coast  to  be  sounded  is  inhab- 
ited, important  information  may  be  obtained  from  the  fishermen,  as 
these  men  make  their  livelihood  by  their  knowledge  of  localities  useful 
to  themselves,  but  dangerous  to  shipping,  and  are  often  able  to  point 
out  the  position  of  rocks  or  foul  ground.  Boats  fishing  should  be 
avoided  by  a  vessel  coasting  or  entering  a  strange  roadstead,  as  they 
are  liable  to  be  working  in  the  vicinity  of  rocks  or  shoals. 

Shoals  out  of  Sight  of  Land. — If  a  shoal  is  fallen  in  with  out  of 
sight  of  land,  or  if  a  ship  is  sent  to  search  for  and  examine  a  danger 
so  placed,  the  vessel  should,  on  finding  the  shoal  water,  if  possible, 
anchor,  mooring  if  convenient.  Four  boats  might  then  be  sent  away 
to  sound  on  north,  east,  south,  and  west  lines  from  the  ship  for  two 
and  one-halt  miles,  hoisting  a  ^»g  ^^wj  >m^-\vssv>x^  «aA  t^Jdng  & 
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t-head  angle  of  the  fore-mast,  at  which  track  a  black  ball  shonld 
Loisted,  an  obseryer  at  the  ship  at  the  same  time  taking  a  bear- 
of  the  respectiYe  boats.     At  the  end  of  the  two  and  one-half 


^  this  distance  should  be  determined  by  mast-head  angle  ;  the 
te  wiU  then  puU  respectively  E.S.K,  S.S.W., W.N. W.^wajiK.^ .^,^ 
1.9  miles,  Sxing  theii  positions  by  maat-heik^  «^<^ca^  «kA  V^>s^- 
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ing  their  flags  to  allow  the  ship  to  obtain  bearings  of  them.  They 
will  then  return  to  the  ship  on  S.W.,  N.W.,  N.E.,  and  S.E.  oonisefl, 
sounding  and  hoisting  their  flags  as  before. 

If  shoaler  water  be  found,  requiring  further  or  more  jextended 
examination,  the  launch  should  be  sent  in  the  direction  of  the  fonl 
ground  to  anchor  on  a  given  bearing  at  a  distance  of  not  over  tvo 
and  one-balf  miles  from  the  ship ;  a  mast-head  angle  will  be  taken 
from  the  launch  to  determine  the  distance.  Ship  will  we'gh  at  a 
signal  from  launch,  and  take  up  a  second  position  as  convenient,  not 
more  than  two  and  one-half  miles  from  the  launch,  and  another  mast- 
head angle  will  be  obtained  from  launch  when  ship  has  anchored 
and  hoisted  her  mast-head  flag  or  ball.  Launch  will  i  etum  to  ship 
sounding,  and  the  three  remaining  boats  should  sound  round  the  ship 
as  before. 

Geographical  Position  of  Shoal. — The  ship's  position  at  one  of 
her  anchorages  should  be  carefully  fixed  by  astronomical  observation; 
the  latitude  being  determined,  if  possible,  by  meridiiin  altitudes  of 
stars  noilh  and  south  of  the  zenith.  Time  should  be  determined 
by  equal  altitudes,  and  a  meridian  distance  obtained  between  the 
shoal  and  the  nearest  well-known  point  of  land. 

An  approximate  time  ot  high  water  at  full  and  change,  together 
with  the  rise  and  fall  of  the  tide,  may  be  obtained  by  noting  the 
depth  alongside  the  ship  with  a  well-stretched  lead-line,  carefully 
marked  to  feet  and  inches. 

Plotting  Soundings. — Positions  may  be  plotted  by  means  of  an 
instrument  called  a  station-pointer^  but  all  soundings  of  great  im- 
portance should  be  placed  by  geometrical  construction. 

The  station- pointer  consists  of  a  graduated  circle,  to  which  three 
radial  arms  are  attached,  the  central  arm  being  fixed,  and  its  edge 
coincident  with  the  zero  of  the  graduation.  The  other  arms  are 
movable,  and  have  verniers  arranged  by  which  their  edges  may  be 
set  at  any  desired  angle  with  the  central  arm.  These  arms  being  pet 
to  the  observed  angles,  the  pointer  is  placed  on  the  chart  with  the 
edge  of  the  central  arm  upon  the  middle  station  observed,  and  the 
edges  of  the  lateral  arms  bisecting  the  positions  of  the  other  two 
observed  objects.  The  centre  of  the  instrument  is  then  at  the  point 
of  observation,  which  is  marked  upon  the  chart  through  the  aper- 
tare  provided  for  that  purpose.  'It\x.c\xi^-^«?^^xQt\vaftn..,vvithagrada- 
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ated  circle,  are  ^ood  substitutes  for  the  pointer.  Soundings  taken 
at  equal  intervals  are  very  easily  plotted  by  the  use  of  a  set  of  equi- 
distant parallel  lines  drawn  on  tracing-paper,  and  separated  by  the 
distance  on  the  chart-scale  between  any  two  soundings  of  a  line. 
When  the  direction  of  the  line  is  constant,,  it  is  only  necessary  to 
plot  by  the  station-pointer  the  important  soundings,  and  place  the 
soundings  between  at  equal  distances. 

To  avoid  the  use  of  an  unnecessary  number  of  soundings  on  the 
finished  chart,  every  second  one  may  be  omitted. 

Contour-lines,  or  lines  of  equal  depth,  should  be  traced  for  every 
fathom  up  to  three  fathoms ;  or  the  same  result  may  be  effected  by 
variations  in  the  shading,  making  it  lighter  for  each  fathom  up  to 
three  fathoms.  If  these  lines  can  be  drawn  on  the  chart  for  all 
depths,  without  leaving:  any  doubt  as  to  their  direction  at  any  time, 
it  may  be  take  a  as  a  sufficient  test  of  the  completeness  of  the 
soundings. 

Reduction  of  Soundings. — As  the  soundings  are  taken  at  various 
stages  of  the  tide,  it  is  necessary  to  reduce  them  to  a  selected  plane 
of  reference.  Soundings  in  all  charts  should  be  expressed  by  one 
uniform  system,  and  should  represent;  the  depths  reduced  to  the 
low-water  level  of  ordinary  spring  tides,  but  as  the  requisite  correc- 
tions for  their  gradual  changes  durin!]^  the  sounding  work  can  only 
be  applied  by  the  subsequent  comparison  of  the  work  in  the  boats 
with  the  simultaneous  tids -column  shown  on  the  tide-gauge,  the 
place  of  that  gauge  and  the  fidelity  of  its  records  will  be  points  of 
prime  importance ;  the  establishment  of  the  tide-gauge,  and  begin- 
ning a  series  of  observations  should,  therefore,  be  the  first  step  in 
every  survey. 

Banch  Mark. — The  soundings  upon  a  chart  give  the  depths  of 
water  above  some  selected  plane  of  reference,  usually  that  of  mean 
low-water.  To  provide  for  the  recovery  of  the  plane  of  reference  of 
the  soundings  at  any  time,  as  at  a  rcsurvey,  it  is  necessary  to  fix  the 
level  of  the  plane  of  reference  with  regard  to  a  permanent  bench. 
Any  object  which  is  of  a  permanent  character  may  be  used  as  a 
bench.  It  should  be  marked  by  a  circle  with  cross-lines  at  the  centre, 
to  indicate  the  exact  position  of  the  point  of  reference,  and  its  loca- 
tion and  elevation  above  the  plane  of  reference  should  be  described 
in  the  tidal  record. 
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RUNNING  ON  8HORB. 

On  a  vessel  striking,  throw  the  sails  aback  if  on  a  wind,  or  clew-np 
and  furl  if  before  a  wind. 

A  steamer  will  reverse  the  engines. 

If  on  a  sand-spit,  it  may  be  possible  to  force  her  over,  but  as  a 
general  mle  she  should  be  hove  off  as  she  went  on. 

Soundings  must  be  obtained  to  ascertain  the  deepest  water,  and 
meanwhile  the  men  may  jump  in  the  riggings  to  shake  the  vessel, 
or  sally  from  side  to  side  to  aid  the  sails  or  engines  in  starting  her. 
Weights  may  also  be  run  aft,  to  change  her  trim. 

If  the  first  attempt  with  the  sails  or  engines  has  failed  to  start 
her,  however,  an  anchor  should  be  carried  out  at  once,  before  starting 
weights^  and  the  cable  hove  well  taut.  Then  the  lightening  may  be 
commenced,  observing  to  set  well  taut  the  purchases  on  the  cable 
every  time  it  slacks  up.  If  the  anchor  comes  home,  back  it  with 
the  stream,  and,  if  necessary,  send  out  another  anchor  on  the  oppo- 
site quarter. 

With  small  vessels  aground  forward,  sheers  may  be  erected  on  the 
bottom,  the  legs  reaching  well  above  the  bows,  and  the  bows  may 
then  be  lifted  up  by  means  of  a  heavy  sheer-head  purchase. 

Vessels  draw  much  less  water  when  hove  over  on  their  beam  ends 
than  when  upright.  If  the  tide  is  falling,  then  the  vessel  must  be 
shored  up  at  once,  and  the  spars  may  be  assisted  by  sending  out 
kedges  on  opposite  sides,  and  bringing  the  hawsers  in  to  the  mast- 
heads, when  they  may  be  set  taut  as  required. 

If  the  tide  rises,  it  will  materially  assist  in  getting  the  vessel  afloat 
again. 

Casks  and  water-tanks  made  water-tight  may  be  used  as  camels 
to  assist  in  raising  a  vessel  clear  of  the  sand. 

Should  an  anchor  be  thoughtlessly  dropped  on  the  ship  grounding, 
there  is  great  danger  of  the  ship  striking  on  it  and  bilging. 

Whenever  badly  on  shore,  bring  the  heaving-off  cables  in  forward 
or  amidships,  but  not  over  the  stem,  as  they  will  tend  to  bear  it 
down  and  press  iz  on  the  bottom. 

Leaks. — Upon  springing  a  leak,   man  the  pumps  at   once.      In 

order  to  diBcover  its  locality,  it  Mnktio^ia.^  «t^^t  on  different  conrsea 

If  it  inoreaaea  when  going  aheaA,  \\»iav^«»Xi\3  1qt^«s^\  ^^^te£t^«^aAlt 
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is  aft,  If  there  should  be  no  change  it  may  be  on  either  side, 
which  will  be  indicated,  as  before,  by  its  increasing  on  one  tack  or 
the  other. 

Should  the  leak  be  near  the  water-line,  the  ship  may  be  put  about 
or  listed,  and  it  may  be  possible  to  cover  it  with  sheet-lead  or  plank 
lined  with  felt,  saturated  with  tar  or  tallow. 

In  other  cases  a  sail  may  be  '*  thrummed  ^'  with  hot  pitch  and 
oakum,  put  over  the  bows,  and  hauled  over  the  opening  by  guys. 
^     As  water  enters  as  the  square  root  of  its  altitude,  the  pumps  may 
g^in  on  the  leak  after  the  water  has  risen  above  it,  although  making 
Ibut  little  progress  at  first. 

Should  a  vessel  be  found  to  leak  badly,  she  may,  if  in  the  neigh- 
borhood of  laud,  be  beached  to  prevent  her  sinking  in  deep  water. 

INFORBSATION  AND  INSTRUCTION  FOR  DIVSRS. 
Siebe  and  Qorman's  Patent  Apparatus. 

{Bedford. ) 

The  apparatus  consists  of  a  patent  double-acting  air-pump  for 
supplying  one  or  two  divers  with  air ;  two  men  can  work  under  a 
ship's  bottom,  independent  of  each  other,  from  the  same  pump.  By 
an  ingenious  arrangement  with  a  lever,  the  supply  of  air  can  be 
thrown  into  one  outlet  from  both  cylinders,  bo  that  the  odc  diver 
can  work  to  a  depth  of  one  hundred  and  sixty  feet,  or  twenty-six 
fathoms.  When  two  divers  work  from  the  pump,  they  can  with  safety 
descend  to  ninety  feet,  or  fifteen  fathoms.  The  pressure-gauges  de- 
note  the  depth  at  which  the  divers  are  working. 

The  helmet  is  made  of  copper  tinned,  with  a  segmental  neck-ring 
to  unscrew  the  head-piece  from  the  collar  by  one-eighth  of  a  turn ; 
look-pin  to  prevent  unscrewing ;  inlet  and  outlet  valve ;  inflating 
arrangement,  so  that  the  diver  can  rise  to  the  surface ;  and  regulat- 
ing cock,  under  control  of  diver,  to  regulate  his  supply  of  air.  Four 
lenses;  front,  two  side,  and  top-glass.  The  India-rubber  dress  is 
fastened  to  the  helmet  by  means  of  brass- bands  in  segments,  two 
front,  two  back,  with  screws  and  ring- nuts.  A  spanner  is  provided 
to  fit  the  nuts  for  screwing  tight  the  bands. 

India-rubber  dress  made  of  tanned  twiW,  m\jQ.  TV3\c!«KviRi^  ^^J^^ss. 
andcufEa,  the  collar  forming  a  water-tight  ^omt  on  V^\si&V<isJ^3a2t, 


356 


INFORMATION  FOR  DIVBRS. 


Sac.  Tl 


caffs  kept  tight  by  flexible  rings.  Boots  have  lead  soles,  sixteen 
pounds  weight  each.  Back  and  front  lead-weights  fitted  to  helmet 
with  clips  ;  weight  of  each  forty  pounds.  There  is  a  tackle  used  for 
protecting  the  stomach  from  pressure  when  diving  in  deep  water. 
Leather  belt  with  metal  pipe-holder ;  knife  in  water-tigfht  brass  case, 
used  for  the  diver  to  clear  away  ropes.  The  air-pipe  is  made  of  five- 
ply  India-rubber  and  canvas,  with  spiral  wire,  imbedded,  with  gun- 
metal  joints  lashed  in  each,  of  f orty-iive  feet  and  thirty  feet  lengths. 
The  pipe  stands  pressure  to  one  hundred  pounds  per  square  inch. 

Care  must  be  taken  in  dressing  the  diver;  but  when  once  under 
water  the  apparatus  is  self-acting,  so  that  the  man  has  only  to  thinly 
of  the  work  he  is  going  to  perform. 

Divers  at  the  depth  of  thirty-two  feet  under  water  have  upon  the 
surface  of  their  whole  body  a  more  than  ordinary  pressure  of  twenty 
thousand  pounds  weight,  yet,  when  we  consider  the  uniformity 
of  that  pressure,  and  its  equability,  which  causes  no  dislocation  of 
the  parts,  all  the  external  being  equally  affected  with  it,  and  being 
internally  supported  by  the  air  and  other  elastic  fluids,  which 
constantly  endeavor  to  expand  themselves  as  they  are  compressed 
— if  we  also  consider  the  firm  texture  of  the  membranes  and 
other  solid  parts  of  the  human  body,  and  the  incredible  force  they 
are  able  to  bear,  as  has  been  demonstrated  by  experiments— we 
shall  not  much  wonder  that  divers  complain  of  no  sensible  pain^ 
though  they  be  pressed  with  so  great  a  weight  of  water,  besides  the 
ordinary  pressure  of  the  air  which  our  bodies  are  continually  ex- 
posed to,  and  which  is  equal  to  a  depth  of  thirty-two  feet  of  water, 
or  twenty  thousand  pounds  ;  so  that  the  whole  pressure  to  which  ft 
diver  is  exposed  at  thirty-two  feet  of  water  is  forty  thousand  pounds, 
and  in  ratio  as  he  descends. 

The  Following  Table  Represents  the  Pressure  in  Pounds 
ON  the  Square  Inch  at  a  Given  Depth  of  Water. 
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Ab  to  t^ie  effect  of  compressed  air  upon  the  lungs,  and  the  gen- 
eral construction  of  the  human  body,  scientific  men  vary ;  and,  as  we 
have  no  data  from  which  we  could  form  actual  conclusions,  we  can 
only  arrive  at  a  result  by  the  effect  produced  upon  divers  that  have 
come  under  our  notice.  The  first  time  a  man  descends  under  water  he 
is  oidinarily  suffering  from  inherent  nervousness,  occasioned  by  the 
fact  of  undertaking  a  thing  that  has  hitherto  been  unknown  to  him ; 
consequently  there  is  an  increased  pulsation  and  peculiar  gasping 
for  breath,  and  it  happens  in  some  cases  to  be  so  strong  that  it 
would  be  unadvisable,  whilst  in  thac  condition,  to  allow  them  to 
descend,  but  rather,  by  making  them  acquainted  with  the  working 
of  the  apparatus,  and  the  example  of  teaching  others  .to  descend, 
to  gradually  remove  the  nervous  weakness  which  attends  many 
constitutions.  When  the  nervousness  is  overcome,  it  would  be  ad- 
visable that  they  should  descend  slowly,  swallowing  their  saliva,  and 
not  demanding  too  much  air,  resting  at  times  to  recover  their  equi- 
librium ;  aud  if  the  pressure  should  cause  too  great  a  pain  in  the 
heai,  by  gently  as3ending  a  few  feet  it  will  gradually  remove  it, 
and  the  descent  can  be  continued. 

The  rule  as  to  coming  up  depends  very  much  upon  the  constitu- 
tion of  tbe  diver.  A  man  at  sdl  sanguineous  should  ascend  rather 
slowly ;  the  brain  being  suddenly  relieved  from  the  pressure  causes 
a  suden  rush  of  blood  to  the  head,  and  it  may  cause  unpleasant  and 
serious  consequences.  We  should  advise  a  diver  to  ascend  at  a  rate 
of  not  mjre  than  two  feet  every  second — that  is,  for  a  strongly- 
constituted  man.  Nor  should  a  diver,  for  at  least  two  hours  before 
commencing  operations,  take  any  food.  If  any  kind  of  refresh- 
ments be  require  1,  a  biscuit,  with  a  small  quantity  of  drink,  or 
anything  that  will  not  excite  the  digestion,  may  be  taken  during  the 
operations. 

Instructions  for  the  Dressing  of  Diver  and  the  Management  oi 

Apparatus. 

Previous  to  the  diver  being  dressed,  place  the  fly-wheel  on  crank- 
shaft, and  fix  the  handles  at  right  angles ;  oil  the  pistons  with  olive 
or  neat*s-foot  <hI,  and  also  the  bearings  and  other  vfOt^u^^^xXj^  \\&\» 
the  pump  be  wor.-ed  for  a  few  minutes ;  also  po\xx  aoxoa  '^^X^t  Sao^^ 
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the  cistern  to  keep  the  cylinders  cool,  to  prevent  the  air  beuig' 
heated  and  thus  becoming  rarefied.  The  piping  should  be  laid  on 
the  deck,  or  place  from  whence  the  descent  is  to  be  made,  in  a  ser- 
pentine form,  so  that  the  pipe  does  not  kink.  Remove  the  nut  on 
air-nozzle  and  connect  the  air-pipe.  The  attendant  should  place  his 
finger  over  the  joint  at  the  end  of  air-pipe,  and  leb  the  pump  work 
so  thab  he  can  test  the  working  of  the  air-pump^s  valves,  and  blow 
out  any  dust  that  may  be  in  the  pipes.  If  the  water  in  the  cistern 
becomes  heated,  it  should  be  renewed. 

Put  on  the  Guernsey-frock  ;  a  pair  of  drawers  and  stooking^  ac- 
cording to  the  temperature  of  the  water;  place  helmet- cushion  on 
shoulders,  and  tie  the  outside  collar-piece  round  neck,  and  round 
each  wrist  place  one  or  more  vulcanized  India-rubber  rings.  A  piece 
of  linen  should  be  placed  between  the  flesh  and  dress;  the  cuff- 
expanders  should  be  used,  so  that  the  diver  can  passhis  hand  ;  then 
put  on  helmet- collar,  place  the  vulcanized  collar  over  the  screws, 
put  on  the  metal-plates,  and  screw  the  dress  between  moderately 
tight  with  the  wing  nuts  ;  be  particular  that  the  four  nuts  at  joints 
are  screwed  up  at  the  last.  To  keep  the  dress  from  chafing,  put  on 
large  over-all  stockings  and  canvas  over-all  dress,  then  the  boots  with 
lead- soles,  and  the  leather-belt  with  pipe-holder  and  knife.  The 
attendant  should  blow  through  the  outlet  valve  of  the  helmet ;  he 
can  do  so  by  placing  his  head  in  the  interior,  and  placing  his  mouth 
to  the  hole  where  the  air  escapes ;  blow  strongly ;  if  in  proper 
working  order,  the  valve  will  vibrate. 

Connect  air-pipe  to  inlet-valve  ;  previous  to  doing  so,  pass  it 
through  the  pipe-holder  on  belt,  leading  it  under  the  left  arm  of 
diver  ;  the  signal-line  to  be  fastened  round  the  body,  and  to  pass  up 
the  front  of  the  right  shoulder  ;  the  head-piece  (without  the  front 
glass)  can  now  be  screwed  on,  which  is  done  by  one-eighth  of  a  turn. 
Next  attach  the  lead-v/eights,  one  behind  and  one  before ;  the  lines 
of  the  back  weight  pass  over  the  loops  on  head-piece ;  the  small 
line  should  be  fastened  to  the  lower  comer  of  weights  and  round  the 
waist  with  a  slip-knot  in  front.  The  diver  now  being  dressed,  the 
air  pump  must  be  set  in  mot^'on  ;  when  all  is  ready  for  the  diver  to 
descend,  screw  in  the  front  glass. 

To*  communicate  with  the  diver  when  underneath  the  water  by 
word  of  mouthy  experiments  have  been  made  with  very  Batisfaotoiy 
results,  and  axe  now  in  operation. 
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Life-Line. 

1.  AU  right. 

2.  Aocordiog  to  diver's  instructions 

3.  ** 

4.  Coming  up. 


(( 


ii 


Air-Pipe. 

1 .  Sufficient  air. 

2.  More  air  (pump  faster). 

3.  According  to  diver^sinstructions 

4.  Haul  up  diver. 


Divers'  ladders  are  generally  made  of  inch  rope,  with  ash-rounds 
twenty-two  inches  long,  and  weighted  at  the  end.  Some  divers  have 
the  ladder  only  twenty  feet  long,  to  the  last  round  a  rope  with  a  weight 
attached,  which  rests  on  the  bottom  ;  by  that  means  they  descend. 

All  now  being  ready,  let  the  diver  descend,  and  when  he  reaches 
the  bottom,  before  he  leaves  the  ladder  he  must  make  fast  a  small 
leading-line  to  the  ladder.  The  line  should  be  coiled  in  the  hand 
with  a  loop  round  the  wrist,  and  as  he  leaves  the  ladder  he  lets  the 
rope  gradually  uncoil,  so  thftt  if  he  is  any  distance  off  he  can  find 
his  way  back  to  the  ladder  if  he  wants  to  ascend ;  but  if  by  acci- 
dent he  loses  the  line,  and  is  unable  to  find  the  ladder,  he  should 
make  the  signal  to  haul  him  up.  In  extreme  cases  the  weights  may 
be  thrown  off — that  is,  if  he  finds  himself  in  any  danger,  and  wishes 
to  rise  directly  to  the  surface  of  the  water ;  but  this  expedient  should 
be  seldom  resorted  to,  as  the  signal  for  hauling  up  can  always  be 
given,  and  with  presence  of  mind  many  difficulties  can  be  overcome, 
when  hurry  and  excitement  may  cause  the  loss  of  the  diverts  life. 

The  diver  should  seldom  go  forward  ;  he  must  generally  go  back- 
ward ;  and  if  he  meets  with  anything  he  must  turn  round  and  feel, 
particularly  in  the  dark ;  but  be  careful  to  return  the  same  way, 
otherwise  he  crosses  the  pipe  and  line  ;  this  precaution  is  very  ne- 
cessary. If  entangled  in  the  rigging,  make  use  of  the  knife  at  side  to 
clear  himself  away. 

As  some  men  require  more  weight  to  sink  them  than  others,  we 
would  recommend  them  to  make  a  shot-belt  to  buckle  round  the 
waist ;  it  may  be  made  any  weight  the  diver  may  think  necessary. 

On  the  deck  or  place  from  where  the  diver  descends,  two  careful 
confidential  persons  must  attend  the  signal-line  and  air-pipe ;  they 
must  attend  them  with  the  greatest  vigilance,  and  keep  them  always 
moderately  tight.  If  they  should  feel  any  irregular  jerks  which 
may  be  occasioned  by  falls  or  otherwise,  they  must  haul  him  up  im- 
me Jiately.  The  attendants  on  deck  must  from  time  to  time  ^W^ 
the  signal  that  all  is  right,  and  it*  the  diver  doe^TiQ\»  x^\iQX.\s.  "Ccl^  ^^- 
jial,  ht3  must  be  immediately  hauled  up. 
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If  the  plungers  of  the  air- pump  or  the  other  motions  get  sb#^^T^  ' 
they  must  be  screwed  up  with  the  spanners  sent  for  that  purpC^^^^^^j^* 
when  the  plungers  will  swell  out  a  little ;  g^eat  care  being  taken  t^^^^^ 
they  are  put  in  the  same  way  as  they  are  taken  out,  and  all  ot^^^^ 
parts  of  engine  put  together  according  to  the  marks.     Always  \^:^^^f^ 
olive  oil  for  the  air-pumps ;  if  not  to  be  got,  use  well-cleaned  nea^^  ^ 
foot  oil.     When  done  working,  and  the  engine  is  to  be  put  by  soi::*^^ 
time  or  lifted  about,  unscrew  the  plug  at  the  lower  edge  of  the  ba^^ 
of  the  box  and  draw  out  the  water,  to  prevent  it  washing  over  vm^to 
the  box  or  cylinders,  or  splashing  the  engine,  or  corroding  the  cistern 
if  left  standing.     If  the  air-pump  has  been  left  standirg  by  for  any 
length  of  time,  pour  some  warm  water  into  the  cistern,  as  it  wfi/ 
warm  the  cylinders  and  soften  the  oil  round  the  pistons,  and  the 
pump  will  work  much  easier. 

To  examine  piston-valves,  withdraw  piston  from  cylinder.  When 
the  valve  can  be  unscrewed  to  examine  cylinder  bottom-valves,  lean 
the  chest  back  and  unscrew  iron -plate  on  bottom  of  chest,  and  then 
unscrew  the  valve-bonnets ;  this  arrangement  avoids  the  trouble  of 
removing  engine  from  chest. 

Be  careful  that  the  leather-waj-hers  are  between  the  gun-metal 
joints,  so  that  the  air  may  not  escape;  also  that  the  joints  are  screwed 
together  moderately  tight. 

Should  the  water-proof  dress,  from  constant  use  or  accident,  get 
leaky,  it  is  easily  repaired  by  laying  two  or  three  coats  of  varnish  on 
each  side  of  the  seam,  rubbing  it  with  the  finger  as  much  as  possible 
into  the  perforations  made  by  the  needle,  allowing  each  coat  to  dry 
before  the  next  is  laid  on ;  the  sides  of  the  seam  may  then  be  Ja'd 
.  down,  and  two  or  three  coats  applied  in  the  same  manner  to  the 
channel  of  the  seam,  when  the  prepared  strapping  (which  should 
have  an  extra  coat  laid  on  and  dried)  may  be  immediately  applied, 
and  well  pressed  down  with  the  hand. 

India-rubber  diving-dresses  should  never  be  packed  away  in  a  wet 
or  damp  state ;  they  must  be  thoroughly  dried  both  in  and  outside 
before  so  doing,  otherwise  they  will  mildew,  and  become  so  rotten 
as  to  be  of  very  little  service  afterward. 

Should  the  dress  and  pipes  be  lying  by  for  any  length  of  time,  and 
become  hard,  place  them  in  a  gentle  heat,  when  they  will  become 
quite  soft. 
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YACHTS  AND  YACHTING.* 

The  yacht  fleets  of  the  world  have  increased  rapidly  during  the 
last  quarter  of  a  century,  and  at  the  present  day  those  of  Great 
Britain  alone  number  over  three  thousand  sail,  employing  over  fifteen 
thousand  hands  regularly  under  pay,  and  having  a  gross  tonnage  of 
about  one  hundred  and  fifty  thousand  tons. 

The  fleets  of  America  at  present  consist  of  over  six  hundred  cabin- 
yachts,  and  nearly  one  thousand  open  boats  of  the  jib  and  main-sail 
and  cat-boat  varieties.  The  total  tonnage  for  1881  may  be  placed  at 
about  twenty  thousand  tons,  employing  two  thousand  regular  hands, 
and  representing  a  value  of  over  two  million  dollars. 

During  the  past  three  years  the  popularity  of  the  yawl  and  cutter- 
rigs  has  developed  and  the  leading  clubs  have  severid  each  of  these 
handy  vessels. 

Modern  Types. 

The  present  tendency,  in  America,  seems  to  be  to  devise  a  mean 
between  the  extreme  types  representing  the  customary  practice  in 
Great  Britain  and  this  country. 

The  British  yacht  is  the  outgrowth  of  the  old  Thames  rule  of 
measurement,  and  of  the  demand  for  capable  qualities  of  all  kinds 
in  rough  water.  It  has  great  length  and  depth  in  proportion  to  its 
beam,  and  has  much  of  the  ballast  in  lead  on  the  keel. 

The  sea-going  qualities  of  vessels  of  this  type  are  of  the  highest 
order,  and  leave  little  to  be  desired.  They  are  fast  in  light  winds 
and  in  heavy  weather,  and  are  uncapsizable,  having  their  greatest 
range  of  stability  when  on  their  beam- ends. 

The  objections  to  puch  vessels  are  their  great  first  cost ;  their  ex- 
cessive heeling ;  and  their  great  draft  of  water.  Their  g^eat  first 
cost,  however,  arises  from  the  excellence  of  their  build — the  use  of 
the  best  material,  copper-fastenings,  hard-wood  trimmings,  a  com- 

♦  Much  of  tho  information  concerning  American  yachts  has  been  furnished  by  Mr. 
C.  P.  Kunhardt,  N.A.,  and  all  of  the  matter  relating  to  the  New  York  Yacht  CLub^ 
by  Mr.  Charles  A.  Minton,  seoretaiy  of  the  club. 
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plete  outfit  in  every  way,  and  the  use  of  lead  as  ballast.  As  lead  is 
now  used  in  all  first  class  yachts  in  this  country,  the  expense  attach- 
iug  to  British  yachts  is  due  ratder  to  their  superior  quality  than  to 
consideration  of  model.  Their  excessive  heeling  takes  place  only  in 
strong  lower-sail  winds,  in  light  weather  or  when  reefed  down  they 
are  sufliciently  stiff. 

In  the  matter  of  draft,  a  liberal  amount  is  a  disadvantage  only 
under  special  circumstances. 

The  normal  condiiion  of  centre-board  yachts  is  with  the  boards 
down,  when  they  actually  draw  more  water  than  keel  vessels.  There 
are  times  when  the  option  of  raising  the  centre-board  is  an  advan- 
tage, but  these  occasions  are  rare  enough  to  question  the  advisability 
of  foregoing  the  advantages  of  the  fixed  keel,  including  the  low 
position  of  the  outside  ballast ;  better  performance  in  open  water ; 
stronger  construction  ;  and  increased  accommodation. 

Of  late  years,  a  gradual  change  in  the  direction  of  more  depth 
has  been  showing  itself  in  this  country,  although  the  wide  light- 
draft  boats  still  prevail 

The  chief  recommendations  of  the  latter  type  are  great  stiffness 
and  comfort;  cheap  first  cost  (with  iron  ballast) ;  quickness  in  stays ; 
great  speed  in  strong  lower-sail  winds  in  smooth  water ;  and  the  op- 
tion of  raising  the  centre  board. 

The  objections  to  these  vessels  are  both  numerous  and  weighty. 

They  are  hard  on  their  helms,  require  large  sails  to  drive  them, 
and  are  easily  capsized  in  squalls  or  through  inattention  ;  they  are 
unreliable  in  stays  in  rough  weather,  are  poor  sea-boats,  and,  as 
usually  constructed,  have  little  deck  room. 

They  are  slow  in  light  airs,  and  leewardly  in  a  seaway,  being  capa- 
ble of  working  to  windward  only  against  long  easy  swells.  Owing 
to  their  large  draft  with  the  board  down,  there  is  danger  of  twisting 
the  latter  in  shoal  water,  and  the  trunk  is'  liable  to  give  trouble  on 
account  of  leaking.  This  type  of  yacht  is  expensive  in  wear,  and 
comparatively  short-lived. 

In  general,  owing  to  the  diveiaity  ot  -ccLodAl  and  scantling,  and  tho 
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habit  of  over-sparring,  the  ballast  carried  by  American  yachts  varies 
very  mach  i^  ve.ssel8  of  the  same  tonnage. 

A  design  which  shall  be  a  compromise,  in  which  the  points  of  ex- 
cellence of  both  the  British  and  American  types  shall  be  represented, 
and  liable  to  none  of  their  weaknesses  in  a  great  degree,  seems  to 
be  the  popular  demand  at  present. 

Rigs. — The  sloop-rig,  which  has  always  been  much  in  favor  in 
this  country,  is  not  adapted  for  yachts  of  fair  tonnage,  its  unhandi- 
ness necessitating  large  crews,  and  being  dangerous  in  heavy  weather. 
In  yachts  of  i'rem  forty  to  seventy-five  feet  in  length,  the  adoption 
of  ttie  cutter  or  yawl-rig  gives  the  necessary  control  over  the  canvas, 
and  insures  good  sailing  results.  The  number  of  cutters  and  yawls 
is  increasing  very  rapidly,  and  the  latter  rig  has  almost  superseded 
the  sloop  in  the  San  Francisco  Yacht  Club.  For  cruising,  these  rigs 
are  safe  and  snug ;  the  vessel  is  always  under  control  while  making 
and  taking  in  sail ;  and  small  crews  may  be  carried. 

For  large  yachts,  the  schooner-rig  has  always  had  the  preference 
in  American  practice. 


Particulars  of  Some  American  Yachts. 


CUTTERS. 


Name. 

Length 
over  all. 

Lenffth  on 
water  line. 

Beam. 

Draft. 

Depth. 

Draft  with 
boanl. 

Comfort 

86 

54 

45.6 

45 

62.5 

80.2 

45 

40.6 

89.11 

56.5 

12 
16.2 
9.2 
12 
17.3 

5 

7 

7.9 
6.11 
8.9 

5.1 

7.3 

6.3 

5.10 

7.9 

KeeL 

Hesper 

Muriel 

Volante 

Vindex 

14 
Keel. 

44 

866 
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RTiOOFS. 

Name. 

Length 
over  all. 

Length  oh 
water-line. 

Beam. 

Depth. 

Draft. 

Draft  with 
board. 

Active 

65.6 

64.2 

49 

50 

66.6 

58.6 

61.4 

47.5 

6:^ 

49 

52.6 

86 

48 

45 

40.5 

72 

33.1 

32.6 

47.6 

47.8 

79.10 

5:^6 

46.6 

45 

66 

47 

67.5 

51.2 

55.2 

44.1 

52.5 

50 

39.1 

26.7 

55.8 

84.9 

35.6 

72 

61.1 

40 

50 
56.6 
48 
45.6 
61.8 
54 

56.10 
42.9 
48 
42.9 
52 
33 
41 
83.4 
37.10 
66 
31.1 
27.8 
39 
45.5 
60.9 
49.9 
40.6 
41 
48 
42 
61 
46 

49.11 
39.8 
47.3 
46.1 
36.4 
24.6 
49 
27.6 
32.3 
60.2 
441 
1      35 

16.6 

17.4 

18 

17.6 

20.3 

16.6 

ao.6 

17 
18.8 
15.6 
18 
12.6 
16.6 
15 
15.8 
23.9 
11.4 
10.7 
14.6 
14 
21.6 
18.6 
15.3 
14 
18.5 
15 

19.10 
15.1 
14.9 
14.4 
14.1 
16.2 
14.6 
10.3 
17.6 
12.2 
13 
20.2 
16 
y  \\A 

56 

6.1 

5 

4 

6.6 

6.6 

5.2 

6 

6.8 

4.8 

5 

4.9 

4.1 

6 

5.6 

6.9 

4 

4.6 

4.8 

4.7 

6.8 

44 

5.2 

4.10 

4.3 

4.6 

7.9 

6.2 

5.3 

4.5 

6.4 

6.8 

4.6 

4 

5.4 

6.1 

6.9 

6.1 

5 

4.6 

4 

3.6 

as 

5.6 

4.6 

4.2 

4 

4.8 

8.1 

5 

3.1 

4.2 

4.6 

5.9 

5 

3 

4.1 

4.4 

4.8 

6.0 

4.6 

4.3 

3.9 

4.6 

8.9 

5.4 

4.8 

5.8 

8.3 

7 

5.8 

8 

5 

4.9 

6 

3.1 

4.10 

4 

11 

Addie 

11 

Alpha 

Annie 

10 
9 

Arrow 

18 

Bloodhound 

Coming 

Corsair 

Drift 

12 
16 
18 
16 

Egeria 

Elaine 

13 
18 

ElcDhant 

10 

Ella  Treadwell 

Eolus 

13 
12 

Eugenie 

Keel. 

Fanny  

17 

Flyaway 

10 

Gael 

Keel. 

Oenia 

11 

Glance 

KeeL 

Gracie 

Haswell 

Imperia 

Kaiser     

15 

11 

11 

9 

Kate 

11 

Madcap 

13 

Mischief 

Orion 

15 

13 

Psyche 

Keel. 

Qui  Vive 

10 

Ray 

Sadie 

KeeL 
18 

Schemer 

14 

Sunbeam 

Keel. 

Undine 

14 

Keel. 

Violet 

9 

Vision 

14 

Vixen 

White  Wing. 

11 
10 

^ 

Skc.  VII. 
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Partioulars  of  Some  American  Tachts. — Continued, 


SCHOONERS. 


Name. 

Length 
over  alL 

Lengthen 
water-line. 

Beam. 

Depth. 

Draft. 

Draft  w. 
board. 

Alarm 

121.8 
100.6 

68 

76.4 

86 
107.9 

69.9 

66.8 

88.7 
120.9 
180.3 
100.3 

88 

78.6 

68.3 
108 

82.6 

66 

82 

96.2 
116.3 
106.4 

81.8 

76 
140 
114 
110.9 

75.2 
100.8 
188.11 

96.6 

81 
136 

61 

82.9 

78 

101.9 
118.3 

73 

112.2 
90.6 
46 
67.1 
78.8 
96 
66.9 
65*2 
78 

116.5 

116.9 
91.2 
78.6 
66.1 
54.3 
96 
76 
49 
79 
87.6 

100.9 
95.2 
78.11 
62.6 

121 
95 

104.3 
66.3 
86 

128.6 
78.6 
73.6 

119.4 
55.6 
74.7 
65 
86.4 

106.2 
65 

24 

22.6 

15.3 

18.6 

21.7 

251 

18.4 

17 

21.6 

24.9 

24.6 

18.7 

22.9 

22.4 

16.6 

23.4 

21 

15.8 

38.9 

23  4 

24.5 

24 

20.9 

19.6 

80.4 

20.6 

24.2 

18.10 

24.11 

25 

23 

20.2 

27.4 

18 

24.3 

18.6 

23.5 

23.3 

20.6 

9 
9.3 

7 

6 

8.3 

8.4 

4.3 

6 

8.3 

9.9 

9.8 

9 

0.5 

6.9 

5.9 

10 
7 

7.4 
7 
8.5 

11.6 
7.9 
6.3 
6.6 
1>.4 

10.6 

10.3 
6.4 
7 

9.7 
9.3 
7.9 
9.6 
7.9 
66 
7.9 
8.2 
8.6 

11.3 
116 

6.9 

6 

7.7 

6 

4.4 

4.8 

7.6 
12 
11.4 
10.3 

6.6 

5 

6 
10.6 

0.1 

7.8 

6 

6.8 
11.6 

7.4 

6.7 

5 

6 
11.3 

9.9 

5.9 

6.6 
11.5 

76 

8.2 
12.8 

7 

6.5 

7 

6.6 
10.5 

Keel. 

America 

ti 

Caroline 

CUo 

18 

Clytie 

18 

Colnmbia 

22 

Consuelo 

10 

Cornelia 

10 

Cmaader. 

18 

Dauntless 

Keel. 

Dreadnought. 

Brmcngarde 

EsteDe 

Bva 

Fearless 

t( 

15 
14 
14 

Fleetwing 

Keel. 

Foam 

14 

Frolic 

Keel. 

Halcyon .   .......... 

17 

Idler 

18 

Intrepid 

Keel. 

Madeleine 

Ifairic 

19 
17 

Meta 

13 

Mohawk 

81.6 

Noma 

Keel. 

Palmer 

PecfrlesR 

Phantom. 

20 
13 
17 

Rambler 

Keol. 

Bepnblio 

18 

Bestlees 

Keel. 

Saj^ho  .....•■*■.... 

t. 

Satoria 

•i 

Silvie. 

16 

Boothem  Cross. 

Viking 

WandCTer 

16 

18 

Keel. 

White  Cap 

\        ^^ 
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K!g. 

IS 

1 

i 

if 

P 

J 

1 

1 

1 

i 

1 

i«;8 

nil 

r 

r 

11 

Is 
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1 
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1 
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r 
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iM 
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steaM-tachts. 

No  strict  classification  of  steam-yaclits  has  been  made,  one  type 
blending  into  the  other  as  we  pass  from  river  craft  to  those  designed 
to  navigate  the  open  sea.  The  steam-cruiser  is  an  elongated  craft 
with  the  ends  more  or  less  fined  away  and  the  bilge  rounded  off ; 
the  river-yacht  a  light  cockle-shell  with  flaring  sides,  a  sharp  en- 
trance and  clean  run,  her  lack  of  depth  being  made  good  by  super- 
structures of  joiner- work  ;  and  the  high-speed  launch  assumes  the 
form  of  a  lean-ribbed  racer  with  knife -like  entrance  and  attenuated 
after-body,  the  total  displacement  being  made  up  of  the  weights  of 
hull -and  driving-power. 

The  composite  style  of  construction,  iron-frames  and  wood -plank- 
ing, has  been  successfully  introduced  wherever  lightness  and  strength 
are  of  prime  importance  in  the  pursuit  of  high  speed.  Iron  and 
steel  hulls  are  also  fast  coming  into  favor. 

SPARS. 

Masts  are  usually  given  oue  inch  in  diameter  to  every  four  feet  of 
length,  and  booms  and  gaffs  one  inch  to  every  five  feet.  * 

In  schoouers  the  position  of  the  masts  vary,  the  object  to  be  ar- 
rived at  being  the  balancing  of  the  centre  of  effort  of  the  sails  and 
the  centre  of  lateral  resistance.  In  round-bodied  vessels  with  great 
flare  to  the  bows,  the  former  should  be  brought  slightly  forward  of 
the  latter,  whereas  in  narrow,  deep,  long-bowed  vessels,  it  may  be 
placed  directly  over  the  centre  of  lateral  resistance. 

The  rake  of  the  masts  of  American  yachts  varies  from  one  to 
eight  to  no  rake  at  all.  In  English  schooners  the  rake  is  about  one 
to  tea,  and  in  their  cutters  the  masts  are  stayed  about  plumb. 

Top-masts  are  generally  half  the  length  of  the  mast,  and  fitted  to 
house  when  not  needed. 

Fixed  top-masts  are  used  only  in  small  river-craft. 

Fixed  bowsprits  of  small  yachts  are  made  of  rectaugn^Iar  section, 
with  the  longest  side  placed  transversely.  They  are  objectionable 
in  sea-going  yachts  unless  very  short,  and  are  falling  into  disuse. 

English  yachts  have  running  bowsprits  which  can  be  reefed  or 
housed  in  bad  weather,  when  a  very  small  jib  is  carried.  In  Ameri- 
can sloops  the  storm-jibs  are  hookedi^o  an  eye-bolt  half  way  out  on 
the  bowsprit. 

*  The  mizzen  of  a  yawl  with  gaff-mizzen  is  about  Yi«k\l  \Xi«  \xQ\}LxA«l^\<scv^gi^^ 
aoaizi-ituMC 


Examples  of  Spora  of  American  Schooner  Tachti. 


tta  am  Cnw  ua  Whits  Cup 


3para  of  American  BIoop  Tachta. 


..... 

Mast,  aeck 

Boom, 

so 

S3 

1* 

i 

Top-n-ffl. 

Is 

S=!. 

^I« 

43 

i 

BO- 
SS 

4S 
44 

as 

■IB 

!■■ 

Cormlr 

IB 

Wavp 

1« 
SO 
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SAUiS. 

Sails  for  large  yachts  are  made  of  Nos.  6,  7,  and  8  canvas,  and 
for  small  craft  of  ten-ounce  duck. 

Storm-sails  are  made  of  Nos.  2  to  5  canvas. 

Balloon-sails  are  made  of  light  closely  woven  cotton. 

Bolt-rope  is  of  the  best  Riga  hemp  ;  the  yams  well  twisted,  but 
the  strands  laid  up  only  moderately  taut. 

ANCHORS  AND   CHAINS. 


Length  on  water- 

Number. 

Weight  in  pounds 

Diameter  of 

Weight  per 

line. 

of  best  bower. 

chain. 

fathom. 

25 

2 

50 

%« 

3.5 

85 

2 

75 

'L 

5.5 

46 

2 

130 

«/i« 

<$.25 

60 

3 

200 

% 

9.5 

80 

8 

400 

Va 

17 

100 

3 

500 

7i« 

21 

120 

4 

700 

"/i« 

80 

For  steam  yachts  deduct  25i>er  cent. 


NEW   70RE  TACHT  CLUB. 
Sailing  Regulations,  &c.,  of  the  New  7ork  Tacht  Club. 


Rule  I. — Olassification. 

Yachts  8hall  be  divided  into  classes  as 
follows : 

SCHOOKKRS   INTO  TwO  ClASSBS. 

First  Class  to  comprise  those  measur- 
ing 7.000  cubic  feet  and  over. 

Second  Class  to  compriKo  those  meas- 
uring less  than  7,000  cubic  feet. 

Sloops  into  Two  Classes. 

FifMt  Class  to  comprise  those  measur- 
ing 2,000  cubic  feet  and  over. 

Second  CIcms  to  comprise  those  meas- 
uring leoi  than  2,000  cubic  feet. 


Rule  II — Time  Allowance. 

Time  shall  be  allowed  for  difference  of 
measurement,  according  to  the  annexed 
table  at  the  end  of  sailing  regulations. 

Rule  III.— Notice  of  Measurement. 

Owners  of  yachts  requiring  measure- 
ment shall  give  notice  in  writing  to  the 
measurer,  specifying  the  time  and  place 
when  and  where  their  yachts  may  be 
measured — such  time  to  be  not  less  than 
twenty-four  hours  after  the  delivery  of 
said  notice,  and  such  place  some  conven- 
ient part  of  New  York  harbor. 

Upon  Bttid  \Tieaaxa«;\skft\i\«j^Xifc\sv«a»Q^^ 
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shall  receive  such  reasonable  aid  as  ho 
may  reqniro  from  the  crew  of  the  yacht 
measured. 

Yachts  having  been  onco  mcasnred, 
need  not  be  re-measured,  except  upon  the 
written  request  of  a  yacht  owner,  or  upon 
the  direction  of  the  Regatta  Committee. 

Any  yacht-owner,  however,  may  have 
the  measurement  of  his  yacht  recalcu- 
lated before  any  regratta,  which  new 
measurement  shall  be  valid,  provided  it  is 
certified  to  by  the  Chairman  of  the  Be- 
gatta  Committee. 

Rule  IV.— Ownership. 

No  member  shall  \ye  interested  in  more 
than  one  yacht  entered  for  a  regatta. 

Rule  v.— Entry  of  Yachts. 

No  yacht  can  be  entered  for  a  regatta 
unless  her  ownership,  rig,  tonnage  and  di- 
mensions, as  computed  by  the  measurer, 
in  accordance  with  the  rules  of  the  Club, 
are  on  record  with  the  Secretarj'. 

Rule  VI Entry  of  Yachts. 

No  entry  for  any  regatta  shall  be  re- 
ceived within  forty-eight  hours  before  the 
hour  of  starting ;  all  entries  to  be  mad3 
in  writing,  and  delivered  to  the  Secretary 
of  the  Club. 

Rule  VII.-SaUs. 

Yachts  contending  for  prizes  may  carry 
.  sails  as  follows : 

Schooners  —  Main-fail,  fore-sail,  fore 
stay-sail,  jib,  flying-jib,  jib  top-sail,  fore 
and  main  gaflf  top-sail,  fore  and  main  toi>- 
mast  stay-sail. 

Sloops — Main-sail,  fore  stay-sail,  jib,  fly- 
ing-jib, jib  top-sail,  and  gaff  top- sail. 

Yachts  may,  however,  set  light  sails 
over  working  sails  at  pleasure. 

Rule  VIII.— Models. 

A  true  model  of  each  yacht  shall  be  de- 
posited  with  the  Secretary  before  she  Civu 
be  entered  tor  Any  r^^atta. 


Rnle  IX.— Boats. 

Every  yacht  shall  carry  daring  a  i^ 
gatta  a  serviceable  boat,  as  follom: 

let  class  schoonera,  a  boat  mieiraring 
not  less  than  16  feet  in  length. 

3d  class  schooners,  a  boAt  meuaring 
not  less  than  14  feet  In  length. 

Ist  class  sloops,  a  boat  not  meantrlDg 
less  than  12  feet  in  length. 

3d  class  slooi)s,  a  boat  not  measonng 
less  than  10  feet  in  length. 

Rnle  Z. — Number  of  Men. 

Yachts  contending  for  prizes  shall  not 
be  limited  in  the  number  of  men  theymsy 
carry. 

Rnle  XI.— Objections. 

If  any  objection  be  made  with  regard  to 
the  classification  or  sailing  of  any]f«cbt 
in  a  race,  such  objection  must  be  made  in 
writing  to  the  B^tta  Committee  before 
three  o'clock  p.  m.  on  the  next  day  after 
the  regatta. 

Rnle  XII.— Station  Boats. 
A  competent  person  may  be  placed  by 
the  Regatta  Committee  on  board  each  sta- 
tion vessel  to  make  observations. 

Rnle  XIII.— Member  in  Each  Yacht 

There  shall  bo  a  member  of  the  Club  on 
board  each  yacht  sailing  for  a  prise. 

Rnle  XIV.— Sounding. 

Nothing  but  a  hand  lead  and  line  to  be 
used  in  sounding  during  a  regatta. 

Rnle  XV Touching  Buoys,  Etc. 

A  yaclit  touching  any  mark,  iKMt,  or 
buoy  used  to  mark  out  the  course,  sball 
forfeit  all  claim  to  the  prize,  nnlees  as  in 
'  case  specified  in  Rule  XX. 


\ 


Rule  XVI — Anchorage. 

Yachts  may  anchor  dnring  a  race  with* 
o\x\.  tot\&\\.\n%  >3GkS&x  ^^aSoDLto  «k  prise. 
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Rule  XVIL— Floors  and  Bulkheads. 

All  yachtii  during  a  regatta  to  keep 
their  floors  doi^n  and  bnlkbeads  standing. 
Trimming  by  dead  weight  shall  be  allowed 
lip  to  the  time  of  starting,  but  not  dnring 
the  race;  no  ballast  shall,  however,  be 
permitted  to  be  taken  in  or  discharged 
within  twenty-foor  hours  of  the  time 
named  for  any  regatCeu. 


Rule  ZVIII Ooarses. 

Yachts  on  the  port  tack  mnst  invariably 
give  way  to  those  on  the  starboard  tack ; 
and  in  all  cases  where  a  doubt  of  the  pos- 
sibility of  the  yacht  on  the  port  tack 
weathering  the  one  on  the  starboard  tack 
fihall  exist,  the  yacht  on  the  port  tack 
shall  give  way ;  or  if  the  other  yacht  keep 
her  course  and  run  into  her,  the  owner  of 
the  yacht  on  the  port  tack  not  complying 
with  this  rule  shall  be  compelled  to  i)ay  all 
the  damages  that  may  occur,  and  forfeit 
his  claim  to  the  prize. 

Role  XIX.— Oonrses. 

Any  yacht  bearing  away  or  altering  her 
course  to  leeward^  and  thereby  compelling 
another  yacht  to  bear  away  to  avoid  a  col- 
lision, shall  forfeit  all  claim  to  the  prize, 
and  pay  all  damages  that  may  ensue,  un- 
less when  two  yachts  are  approaching  the 
windward-shore,  a  buoy  or  stake-boat, 
together  with  a  free  wind,  and  so  close  to 
each  other  that  the  weathermost  cannot 
hear  away  clear  of  the  leewardmost,  and 
by  standing  further  on  would  be  in  danger 
of  running  on  shore,  or  touching  a  buoy 
or  stake-boat,  then  such  leewardmost 
yacht,  on  being  requested  to  bear  away, 
is  immediately  to  comply,  and  will  forfeit 
all  claim  to  the  prize  for  not  doing  so. 
The  weathermost  yacht  mnst,  however, 
hear  away  as  soon  as  the  one  she  hails.  If 
Bhe  can  do  so  without  coming  into  contact. 

Role  XX. — Rounding  Buoys. 
When  loandiBer  a  ouirk,  boat  or  buoy, 


the  yacht  nearest  thereto  is  to  be  consid- 
ered the  headmost  yacht ;  and  should  any 
other  yacht  in  the  race  compel  the  yacht 
which  is  nearest  to  any  mark,  boat,  or 
buoy,  to  touch  said  mark,  boat,  or  buoy, 
the  yacht  so  compelling  her  shall  forfeit 
all  claim  to  the  prize ;  her  owner  shall  pay 
for  all  damages  that  may  occur ;  and  the 
yacht  so  compelled  to  touch  a  mark,  boat, 
or  buoy,  shall  not  suffer  any  penalty  for 
such  contact. 

Rule  XXI — Courses. 

Yachts  going  free  must  invariably  give 
way  for  those  by  the  wind  on  either  tack. 

Rule  XXII.— Oonrses. 

When  two  yachts  (by  the  wind)  are  ap- 
proaching the  shore,  a  buoy  or  stake-boat 
together,  and  so  close  to  each  other  that 
the  leewardmo6f.  cannot  tack  clear  of 
the  weathermost,  and  by  standing  further 
on  would  be  in  danger  of  running  on  shore, 
or  touching  a  buoy  or  stake- boat,  such 
weathermost  yacht,  on  being  requested  to 
put  about,  is  immediately  to  comply,  and 
will  forfeit  all  claim  to  a  prize  for  not  do- 
ing so.  The  leewanimost  yacht  must, 
however,  tack  at  the  same  time  as  the  one 
Rhc  hails,  if  she  can  do  so  without  coming 
into  contact. 

Rule  XXIII.— Time  of  Performance. 

In  case  the  distance  assigned  for  the 
race  shall  not  have  been  performed  in 
eight  hours,  the  regatta  to  be  repeated 
from  day  to  day.  If  any  yacht  shall  per- 
form the  distance  in  eight  hours,  the  race 
shall  be  considered  made,  and  the  prize  or 
prizes  awarded. 

Rule  XXIV.— Ruling  of  Regatta  Oom« 
mittee. 

The  Regatta  Committee  shall  have  full 
])Ower  to  decide  all  questions  that  may 
arise   in  the  sailing  of  the  regatta,  and 
also  to  exclude  o.\\  ^tLC\\^  >n\v\c\v  Xyj  'Owsvs. 
decision  have  \\o\ttte^  mx^  roJ^iol^^CiXx&k* 
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There  shall  bo  no  appeal  from  the  deciidon 
of  this  Committee. 

Rale  XXV. 

No  prize  shall  be  awarded  in  any  clafls 
at  any  regatta  in  which  less  than  two 
yachts  start. 

Rule  XXVL— Yachting  Season. 

The  yachting  season  for  all  matches 
and  races  shall  be  limited  to  the  perio.l 


between  the  1st  of  May  and  the  1st  of  De- 
cember of  each  year. 

Rule  XXVII. — ^Amendments. 

These  sailing  rcgulatious  may  be 
amended  at  any  meeting,  but  no  amoid- 
ment  passed  at  any  general  or  special 
meeting  shall  be  valid  until  approved  i^ 
a  subsequent  meeting,  and  any  amend- 
ment must  be  submitted  at  one  general 
meeting. 


Rules  of  Measnrement  for  Time  Allowances  of  the  New  Tork 

Yacht  Club. 


The  water-line  of  each  yacht  shall  be  divided  into  four  equal  parts, 
and  a  section  taken  at  each  point  of  division,  making  five  sections. 
The  area  of  each  section  from  the  rabbet-line  of  the  keel  to  the  tine 
of  the  lowest  point  of  the  top  of  the  plank  sheer,  as  described  in  the 
rules,  shall  be  measured  and  determined  in  square  feet,  and  the 
cubical  contents  of  the  yacht  shall  then  be  got  by  the  following  form- 
ula taken  from  *'  Chapman's  Rules  for  Measuring  Vessels :  ** 

To  the  sum  of  the  areas  of  the  first  and  last  sections,  add  the  sum 
of  the  areas  of  the  even  sections  multiplied  by  four,  and  the  areas  of 
the  odd  sections  multiplied  by  two.  Multiply  this  sum  by  one-third 
of  the  distance  between  the  sections,  and  add  the  cubical  contents 
of  the  overhangs  measured  in  each  case,  as  shall,  from  the  form  of 
the  boat,  be  most  expedient,  and  the  result  thus  obtained  shall,  for 
the  purposes  of  this  measurement,  be  deemed  the  cubical  contents  of 
the  yacht. 

To  find  tlie  allowance  to  a  yacht  whose  measurement  comes  be- 
tween any  two  even  hundreds  in  the  table,  deduct  from  the  allow- 
ance to  the  even  hundreds  next  below  hers,  such  proportion  of  the 
differenc  3  between  that  allowance  and  the  one  next  above  it  in  the 
table  as  the  excess  of  her  measurement  over  the  lower  hundred  bears 
to  one  hundred. 
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Table  of  Allowances 

^n  Minutes  and  Decimals,  by  a  Yacht  Measuring  Sixteen  Thousan 
CvMc  Ftet,  to  Yachts  of  t/ie  Measurements  Given  Below. 


Chibic  feet. 

idlow- 

ancen. 

■ 

1 

Cable  feet. 

11,900 

Allow- 
ances. 

1 

iCnbic  feet. 

Allow- 
ances. 

Cul)ic 
feet. 

Allow- 
anceH. 

15,900 

.0275 

2.0413 

7,900 

8.0018 

8,900 

26.6441 

15,800 

.0K8 

11,800 

2.1249    ' 

1      7,800 

8.2-I93 

8,fc00 

26.8768 

15,700 

.0848 

,      11,700 

2.2108    ■ 

7,100 

8.6a37  1 

1  8,700 

27.1297 

15,600 

.1146  ; 

11,600 

2.2991 

7,000 

8.7650  i 

i  8,600 

27.9038 

16,500 

.1458 

11,600 

S.8899   . 

7,6U0 

9.0330 

i  8,500 

28.6981 

15,400 

.1768 

11,400 

2.4831    : 

7,400 

9.3096 

<  8,400 

29.6148 

16,900 

.2091 

11,300 

2.5789   ; 

i,mo 

9.59-% 

:  8,800 

80.3640 

15,200 

.2424 

11,200 

2.6773 

7.200 

9.8843 

8,200 

81.2162 

16,100 

.2766 

ii.iaj 

2.7784 

7,100 

lo.iaso 

8,100 

32.1022 

15,000 

.8117 

11,(X)0 

2.8828 

i      7,000 

10.4912 

8,000 

33.0126 

14,900 

.8477 

10.900 

2.9891    1 

6,900 

10.8072 

;  2.900 

83.9478 

14,800 

.8848 

10,800 

8.0988    ; 

6,800 

11.1319 

'  2,600 

34.9089 

14,700 

.4229 

10.700 

8.2116    i 

6,700 

11.4656 

;  2.700 

85.8964 

14,600 

.4620 

10,600 

8.8273 

6,600 

11.8083 

2,600 

£6.9110 

14,610 

.6022 

10,500 

8.4463 

6,E00 

12.1606 

,  2,600 

37.9586 

14,400 

.6486 

10,400 

3.51;8« 

6,400 

12.5225 

;  2,4C0 

39.0248 

14,800 

.5860 

10,300 

8.6942 

i      6,300 

12.8943 

2.3(0 

40.1266 

14,200 

.6290 

10,200 

8.823:i 

6,200 

18.2764 

!  2,200 

41.2664 

14,100 

.6744 

10,100 

8.9500 

6,100 

13.66iK) 

2.100 

42.4186 

14,000 

.72J4 

10,000 

4.0i»23 

6.000 

14.0724 

2,0(i0 

43.6126 

18,900 

.7677 

9.900 

4.2323 

5.900 

14.4869 

1,900 

44.8893 

13,800 

.8164 

9,800 

4.3762 

5,800 

14.9128 

'  1.800 

46.0999 

18,700 

.£6t)8 

9.700 

4.5240 

I      5,700 

15.3504 

1  1,700 

47.3961 

18,600 

.9176 

9,600 

4.6759 

5,600 

15.8000 

l.JiOO 

48.7260 

laeoo 

.9704 

9,500 

4.8:^20 

5,500 

16.265J0 

1,500 

60.0966 

18,400 

1.0246 

9,400 

4.9924 

6,400 

16.7868 

1,400 

51.4986 

18,800 

1.0808 

9,300 

5.1572 

5,300 

17.2245 

■  1,300 

62.9423 

18.200 

1.1374 

9,200 

53265 

!      6,200 

17.7257 

1,200 

64.4257 

18.100 

1.1962 

9,100 

5.5005 

i      5,100 

18.2406 

1,100 

55.JM99 

18,000 

1.2666 

9,000 

5.6793    ' 

5,000 

18.7698 

1,000 

57.5160 

12,900 

1.8187 

i        8,900 

56621*    ' 

4,900 

19.3134 

'      900 

59.1262 

12,800 

1.3824 

8,t00 

6.0517    i 

;      4.800 

19.8720  ; 

800 

60.7786 

12,700 

1.4479 

8,700 

6.2456 

,       4,700 

20.4460 

700 

62.4776 

12.600 

1.5168 

8,600 

6.4448    '■ 

4,600 

21.0.358 

im 

64  2232 

12,5(K) 

1.5844 

i        8,500 

6.M96 

4.500 

!^1. 6^118 

500 

66.01<« 

12,400 

•  1.6655 

,        8,400 

68599 

4.400 

2-2.2044 

400 

67.8598 

12,800 

1.7286 

8,300 

7.0761    ; 

4.300 

22.9042 

soo 

09.7534 

12,200 

1.8036 

8,200 

7.2982 

i       4.200 

2.S.6016 

200 

71.6991 

12.100 

1.8807 

8,100 

7.5264 

4,100 

24.2370 

IQ^ 

T^,V««A. 

12,000 

1.9699 

8,000    1 

7.7609    j 

1      4,000 

\  24.sja\vi 

\ 

\ 
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Extracts  from  the  By-Laws  of  the  New  Tork  Tacht  Clnb. 

PENDANTS. 

The  commodore,  when  afloa*-,  will  wear  a  broad  pendant,  with  a  f6nl  anchor  encir- 
cled by  thirteen  five-pointed  Ktars  in  white,  on  a  blue  field ;  the  vice-commodore 
xhall  wear  a  broad  pendant,  with  a  similar  device  on  a  red  field  ;  and  the  rear-com- 
modore will  wear  a  broad  pendant,  with  a  similar  device,  in  red  on  a  white  field. 
The  acting  coounodore  will  wear  a  broad  pendant,  blue  field,  without  device. 

HOISTING  COXiORS. 

All  yachts,  when  in  service,  shall  hoist  their  signal-fl*^  and  ensign  at  ei{?ht  o^cloclc 
JLM.  of  each  date  from  the  21st  day  of  March  to  the  21st  day  of  September,  and  at 
nine  o''clock  a.m.  from  the  21st  day  of  September  to  the  Slat  day  of  March,  and  haol 
them  down  at  sunset  When  sailing,  the  ensign  may  or  may  not  be  set,  at  the 
option  of  the  captain. 

Wtien  two  or  more  yachts  are  sailing  in  company,  or  are  at  anchor  Mrithin  sight  of 
each  other,  they  will  take  the  time  for  hoisting  their  colors  in  the  morning,  and 
hauling  them  down  at  sunset,  from  the  senior  officer  in  command. 

No  guns  to  be  fired  on  setting  or  hauling  down  the  colors,  except  by  the  yacht  giving 
the  time. 

SALUTING. 

Every  yacht  passing  another  of  the  Club  shall  salute  by  dipping  the  ensign  or  by 
firing  a  gun,  juniors  in  rank  saluting  first. 

COURSES. 

There  shall  be  two  courses  for  regattas,  an  inside  and  an  or.tside  course,  as  fol- 
lows: 

Inside  Cour»e.— Start  from  an  imaginary  line  between  the  Clab  House  at  Staten 
Island,  and  a  sta'xe-boat  anchored  abreAst  of  it,  thence  to  and  around  buoy  No.  10, 
near  S.W.  Spit,  passing  to  the  W.  and  S.  of  it,  thence  S.  of  buoy  Na  8>i^,  and  >.  of 
buoy  No.  5,  off  the  point  of  Sandy  Hook,  to  and  around  Sandy  Hook  light-ship, 
turning  it  from  the  N.  and  E.,  and  returning  over  the  same  course  to  the  westward 
of  the  home  stake  boat,  which  shall  be  anchored  abreast  of  and  to  the  eastward  of 
buoy  No.  15. 

All  yachts  must  pass  to  the  eastward  of  West  Bank  buoys  Nos.  11,  IS,  and  15,  both 
going  and  returning. 

Outside  Course. — Start  from  an  imaginary  line  between  buoy  No.  10,  near  S.W. 
Spit,  and  a  stake-boat  anchored  S.  of  it,  thence  S.  of  buoy  No.  8)4  and  N.  of  buoy  No, 
6,  off  the  point  of  Sandy  Hook,  to  and  around  Sandy  Hook  light-ship,  turning  it 
from  the  N.  and  E.,  thence  to  and  around  a  spar-buoy  with  red  and  black  horizontal 
stripes,  turning  it  from  the  W.  and  S.  to  and  around  Sandy  Hook  light-ship,  tnming 
it  from  the  S.  and  E.,  thence  to  the  starting-point,  passing  buoys  Nos.  6  and  8X  as 
before. 
The  red  and  black  spar-buoy  above  meuWoxv^  ^  moofced  about  one  and  one-haU 
miles  uS  the  land,  and  bears  S.S.K  txom  B^\i\aiXL^li^^&^^2akABSbV3iQx\i^toi^ 
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REGATTA. 

There  Rhall  be  an  annnal  r^atta  in  the  month  of  Jnne,  over  the  inside  oonrae. 

At  the  first  general  meeting  in  each  year,  the  time  of  said  reeratta  phall  be  deter- 
xnined.  An  appropriation  shall  be  made  at  the  name  time  for  defraying  the  ooet  of 
l>rlxe8  for  the  regatta,  and  all  other  expenaen  appertaining  thereto,  which  appropria- 
'tion  shall  not  be  exceeded  without  the  written  consent  of  a  majority  of  tiie  oflScers  of 
t.he  club. 

SBXJESOnNG  A  TAOHT. 

It  is  Tecommeuded  to  the  amateur  about  commencing  a  yachting 
csareer  to  bnj,  in  preference  to  building,  a  yacht.  It  is  also  prefer- 
able to  begin  wil^  a  small  yacht  in  order  to  be  able  to  judge,  at 
small  expense,  whether  the  sea  and  its  pastimes  suit  in  both  a  physi- 
eal  and  a  i>ecnniaiy  point  of  view. 

Sefore  buying,  have  the  craft  laid  up  on  shore  or  in  a  dock,  where 
you  can  examine  her  hulL  Examine  the  copper  along  the  water-line, 
as  there  the  first  decay  is  usually  found,  owing  to  the  alternate 
action  of  wind  and  water;  examine  minutely  the  stem-post,  the 
Yudder-post,  and  rudder-fastenings.  Should  there  be  any  led  weeps 
in  any  part  of  the  copper,  they  denote  iron-fastenings  in  the  bot- 
-tom  planking  which  will  speedily  give  way.  If  she  has  been  on 
sbore  and  bumped  on  a  reef  or  hard  sand,  her  false  keel  will  show  it 
by  being  torn  and  jagged,  or  else  by  new  pieces  let  in,  and  if  she 
lias  damaged  frame-work,  her  copper  will  exhibit  a  series  of  wrinkles 
in  the  immediate  locality  of  the  injury.  Sometimes  faint  wrinkles 
^will  originate  from  the  frame  of  the  vessel  working  while  she  has 
been  hard  carried  on ;  such  a  vessel  must  be  carefully  examined. 
^ote  well  any  straining  that  appears  in  the  wake  of  the  chain-plates ; 
see  that  the  top  side  is  well  calked,  as  well  as  just  where  the  copper 
joins  the  bends. 

Now  go  on  board,  and  have  enough  of  the  ballast  removed  to  get 
at  the  floor  timbers  ;  have  a  chisel  or  strong  knife  to  test  the  floor 
timbers  in  various  places  for  dry  or  wet  rot ;  have  a  good  look  at  the 
breasthook  forward. 

Examine  well  the  top  timbers  through  which  the  bolts  of  the- 
chain-plates  are  driven,  also  all  the  top  timbers  along  each  side. 

The  stringexB  which  are  bolted  along  the  top  timbers  fore  and  aft 
the  vessel  on  both  sides  should  be  strictly  examined^  as  they  are  ver^ 
likely  to  become  decayed. 


380  SELECTING  A  YACHT.  Sec.  VIL 


Examiue  all  the  deck  beams,  the  mast  beams  particularly ;  acy 
straiDing  that  shows  in  these  or  the  balkheads  betrajs  a  hard  spent 
life  and  a  weakly  constitution. 

See  that  the  mast  is  stepped  in  a  proper  step,  and  that  the  spar  is 
not  tongued  below  the  deck,  of  which  the  presence  of  iron  bands 
upon  it  will  apprise  you. 

While  below,  see  that  the  pumps  and  private  closet  work  well, 
that  the  former  have  box-valves,  and  that  the  supply-pipe  bf  the 
latter  cannot  accidentally  be  left  open. 

Next  ascend  on  deck  and  examine  the  bulwark  stanchions  along  the 
covering  board,  to  see  that  they  are  sound  ;  the  water-ways  and  seams 
of  the  deck,  to  see  that  they  are  properly  calked  and  payed ;  take 
note  that  the  sky-lights  are  tight,  and  that  they  have  grooved  chan- 
nels in  the  frames  to  carry  any  leakage  off  on  deck. 

Be  careful  that  the  counter-timbers  are  sound  where  they  join  the 
deck;  while  examining  the  deck-fittings,  carefully  overhaul  the 
windiass,  and  see  that  it  works  properly ;  also  that  the  hawse-hole  is 
in  the  right  place,  so  that  the  chain  leads  fair  to  the  windlass. 

Next  proceed  to  examine  the  spars,  to  see  if  they  are  sprung. 
Look  carefully  to  the  masts  above  the  deck,  above  and  under  the 
saddle,  and  jusb  below  where  the  gaff  works ;  if  the  mast  is  badly 
sprung  at  the  hounds  it  will  rake  aft  considerably  with  the  weight 
of  the  main  sail,  so  get  the  weight  of  the  latter  upon  it  by  means  of 
the  halliards,  and  it  will  tell  its  own  tale.  Look  for  rot  about  the 
eyes  of  the  rigging,  where  the  mast  is  often  soft  and  spongy  in  the 
nip  of  the  rope. 

The  top-mast,  if  sprung,  will  generally  show  it  just  above  the 
lower  cap  ;  the  bowsprit  juht  outside  the  gammoning ;  and  the  boom 
in  the  slings,  or  a  few  feet  from  the  "  goose-neck." 

Look  well  to  the  ^* goose-neck,'^  and  all  blocks  and  sheaves;  back 
out  the  pins  anl  examine  the  sheaves  of  several.  Observe  closely 
the  main- sheet  blocks ;  look  well  to  the  bowsprit  gear-blocks,  and  the 
dead-eyes  of  the  main  rigging ;  see  that  the  top-mast  fids,  unfids, 
and  houses  with  perfect  freedom.  Proceed  now  to  the  standing  and 
ru  nning-rigging. 

Wire  has  now  in  a  great  measure  superseded  rope  for  standing- 
rigging. 
Of  the  rauning-rigging,  look  o\xV»  vtvx\.\cvv\»x\5  l«t  t\i<a  top-mast  and 
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bowsprit-rigging,  the  main  and  peak-halliards,  main-sheet,  fore  and 
jib-haUiards,  runners  and  tackles,  and  jib  and  fore'sheets. 

Sails. — Examine  well  the  suit  of  canvas  for  indications  of  mil- 
dew. Have  them  spread  on  a  level  surface,  so  as  to  easily  see  any 
patches  or  butts,  and  if,  upon  holding  the  canvas  up  between  you 
and  the  light  it  looks  streaky,  reject  it  at  once. 

Examine  the  luff-ropes  and  tacks  of  all  sails,  and  if  they  appear 
much  stretched,  and  the  tabling,  or  strengthening  pieces  rent,  they 
have  had  hard  usage,  and  are  more  or  less  out  of  shape. 

New  Sails  must  be  stretched.  To  stretch  a  main-sail,  lace  the  head 
of  the  msdn-sail  along  the  gaff,  hauling  the  *head-earing  hand-taut 
only,  then  lash  the  clew  well  mit  toward  the  boom  end ;  pass  a  mast- 
lacing,  and  hoist  the  sail;  gradually  tauten  the  mast-lacing  until 
you  get  the  sail  perfectly  flat.  Lace  the  sail  to  the  boom,  and  let  it 
flap  about  all  day  in  fine  weather,  repeating  the  proceediug  for  a 
week  ;  then  come  up  the  clew-lashing,  seize  the  mant-hoops  on ;  get 
the  head  of  the  sail  well  out  on  the  gaff ;  get  the  main-tack  down, 
and  haul  out  the  boom-eariug  tautly ;  let  the  sail  knock  about  for 
another  week,  each  day  taking  a  fresh  pull  at  the  head-earing, 
clew-lashing,  and  main-tack,  so  that  the  sail  may  become  evenly 
stretched  in  every  direction. 

The  time  occupied  will  be  well  spent,  and  your  main-sail  will  be 
in  a  condition  to  take  the  speedr  properly  out  of  your  yacht. 

Gaff  top-sails  are  to  be  stretched  by  lacing  them  haad-taut  to  the 
yards  at  first,  and  gradually  increasing  the  stretch,  getting  the  tack 
down  gently  and  the  sheet  home  an  inch  or  so  every  day.  Hoist  the 
jib  and  fore-sail  without  sheets,  and  let  them  flap  about.  Never 
stretch  sails  in  wet  weather.  Never  reef  a  new  sail  until  it  has  been 
well  stretched,  or  you  may  ruin  it. 

TAOHTS'  BOATS. 

A  VERY  important  department  of  your  fit-out  for  the  season  is 
that  of  your  boats ;  not  only  in  their  selection  in  the  first  instance, 
but  the  manner  in  which  they  are  kept,  the  proper  description  of 
oars,  fenders,  etc. 

In  the  selection  or  building  of  your  boats,  be  particular  to  com- 
bine lightness  with  strength,  buoyancy  with  stability,  and  speed  with 
seaworthiness. 
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By  attending  to  these  points  minutely  yon  will  become  xxMseaaed 
of  boats  having  the  most  perfect  qualifications  for  all  purposes  of 
cruising  or  racing ;  firstly,  they  will  be  found  easy  to  get  on  board, 
not  unnecessarily  cumbrous  on  a  vessePs  deck,  and  bear  knocking 
about  and  beaching  without  becoming  leaky,  than  which  nothing 
can  be  more  wretchedly  uncomfortable ;  secondly,  they  will  tow 
lightly,  carry  sail  or  considerable  weight  without  danger  of  capsizing, 
will  be  found  admirably  convenient  in  landing  on  shoal-beaches,  and 
should  you  have  to  leave  your  gig  over  your  slipped  anchor  and 
chain  during  a  race,  and  it  comes  on  to  blow,  with  a  strong  tide,  she 
will  escape  the  chance  ^f  foundering  ;  thirdly,  they  will  be  able  to 
take  you  off  against  a  head  wind  and  sea  smartly,  keeping  their 
crew,  passengers,  and  luggage  dry,  and  should  you  require  to  tow 
your  vessel  in  a  calm,  will  assist  the  exertions  of  the  crew  materi- 
ally. 

To  secure  speed  with  seaworthiness,  length  is  a  great  object,  and 
having  regard  to  the  capacity  of  your  yacht  for  stowing  them  on 
deck,  you  should  give  the  boats  the  utmost  inch  you  can  in  length, 
proportionate  to  their  beam. 

The  entrance  should  be  as  fine  as  a  knife  below  the  water-line, 
and  the  delivery  tapering  moderately  fine  aft,  but  gpradually,  so  as 
not  to  leave  a  lump  under  the  quarter  ;  over  the  water-line  forward 
let  the  bows  flare  out  well — they  will  prove  a  good  lifting  power  in 
a  heavy  sea,  will  dash  the  water  aside  instead  of  taking  it  in,  and 
by  enabling  the  beam  to  be  carried  throughout  aloft,  will  give  more 
room  on  the  thwarts  for  the  men,  and  consequently  more  power 
over  their  oars. 

The  upper  lines  aft  should  gradually  swell  outward  also,  up  to  the 
benches  for  the  sitters,  and  be  rounded  neatly  to  the  transom.  Thus 
you  will  secure  a  good  roomy  boat,  with  her  floor  carried  well  fore 
and  aft,  having  a  fine  bottom  with  the  least  displacement,  and  good 
stability  in  her  body. 

Another  very  particular  point  in  the  fitting  of  yachts*  boats  is  the 
placing  of  the  thwarts,  row-locks,  and  stretchers,  so  as  to  enable  the 
rowers  to  exercise  their  muscular  powers  with  the  most  beneficial 
effect ;  if  the  thwarts  are  placed  too  high  or  too  low,  the  row-locks 
too  near  or  too  far,  and  the  stretcher  not  so  as  to  give  a  good  pur- 
chase to  the  feet,  the  best  man  that  ever  handled  an  oar  will  be 
placed  at  serioua  disadvantage^  asi^  t^^  c^t^'^i  c»xaiQt  low  with  bucb^ 
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strength  and  in  such  form  as  will  be  useful  or  creditable.  The 
thwarts  should  be  placed  so  as  to  enable  the  men  to  sit  well  over 
their  oars ;  the  row-locks  so  that  they  can  reach  well  forward  to 
grasp  the  water  ahead  with  their  oars;  and  the  stretcher  so  that  the 
whole  power  of  the  stroke  may  be  given  from  the  legs ;  by  having 
these  details  properly  looked  after,  the  crew  will  be  enabled  to  ex- 
ercise .their  powers  in  propelling  the  boat  to  the  best  advantage,  and 
with  the  least  bodily  distress  to  themselves. 

Of  whatever  wood  the  oars  are  made,  see  that  the  strength  of  the 
loona  is  carried  well  down  to  the  blade,  and  that  the  latter  be  not  too 
long  or  too  wide ;  wide  blades  to  oars  do  not  propel  a  boat  a  bit 
faster  than  moderate-sized  ones,  and  rowing  against  wind  they  are 
killing  on  men,  besides  being  clumsy  and  liable  to  be  smashed.  A 
neat,  well-shaped  blade  will  enable  a  man  to  row  clean,  fast,  and 
strong,  and  to  stick  to  his  work  besides.  The  blades  of  all  oars  and 
paddles  should  be  neatly  banded  with  copper  close  to  the  ends,  to 
prevent  them  splitting. 

A  spare  oar  or  paddle  should  always  be  carried  in  case  of  acci- 
dent ;  two  boat-hooks  should  be  in  the  gig,  and  one  in  the  dingy. 

A  neat  brass-yoke,  with  cotton-lines  for  the  rudder;  a  handy 
water-breaker ;  a  galvanized  grapnel,  with  good  length  of  painter ; 
mast  and  lug-sail ;  and  a  boat  compass,  complete  the  equipment  of 
your  gig. 

It  has  been  found  of  advantage  to  the  steering  of  a  boat  to  have 
the  rudder  made  deeper  than  usual,  so  as  to  project  below  the  keel. 
In  such  a  case,  it  is  necessary  that  the  rudder-pintle  must  be  made 
double  the  usual  length,  or  quite  as  much  longer  as  the  rudder  de- 
scends below  the  keel.  A  pennant  of  light  line  is  rove  through  an 
eye  in  the  rudder,  and  let  through  a  score  in  the  transom  into  the 
stem-sheets,  so  that  when  you  are  getting  into  shoal  water,  by  haul- 
ing on  the  pennant  you  can  lift  the  rudder  on  a  level  with  the  keel, 
to  prevent  it  striking  the  ground  and  being  carried  away.  The  bot- 
tom of  the  rudder  should  be  rounded  to  prevent  its  catching  weeds, 
grass,  etc. 

Dark  crimson,  blue,  or  green  leather  cushions,  and  a  handsome 
mahogany  backboard,  with  the  name  of  the  yacht  or  the  armorial 
bearings  of  her  owners  emblazoned  thereon,  add  a  finished  and  ele- 
gant appearance  to  the  stem-sheets  of  a  gig. 

And  now  a  few  words  as  to  the  handling  ot  "jovxx  ^^^Iotc^^xsk^v 
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it  may  appear,  there  is  some  little  skill  required  to  do  so  properly. 
First,  then,  when  the  gig  is  ordered  alongside,  let  her  be  brought  up 
BO  that  tbe  stern-sheet3  shall  be  immediately  opposite  the  accommo- 
dation-ladder ;  the  stroke,  first  and  second  beam  oarsmen  will  be 
seated  with  their  oars  tossed,  the  handle  resting  on  the  floor,  the 
bowman  standing,  holding  on  forward  with  his  boat-hook ;  the 
boat's  mast  with  the  lug-sail  nearly  furled,  the  spare  oar,  and  the 
stroke  oarsman's  boat-hook  laid  amidships  along  the  thwarts.  Cast 
your  eye  over  the  boat,  and  see  that  she  is  spick  and  span,  clean  as  a 
new  pin  ;  that  the  crew  are  attired  alike  in  the  proper  uniformjsuit- 
able  to  the  weather,  with  the  vessera  name  on  their  hat-ribbons.  II 
you  are  going  a  distance  from  the  yacht,  see  that  their  oil-skins  are 
stored  away  for  use,  in  csise  of  a  change  of  weather ;  that  the 
water-breaker  is  full  and  in  its  place ;  a  large  sponge  ;  a  mop ;  a 
boat-sooop  or  baler  ;  and  the  grapnel,  ready  for  service,  should  you 
have  to  land  on  a  beach.  Having  satisfied  yourself  that  all  is  cor- 
rect, your  sailing-master,  in  his  uniform,  will  stand  by  to  hand  yon 
and  your  friends  the  man-ropes.  Your  steward  will  look  after  your 
hard- weather  tackle  ;  the  stroke  oarsman  will  turn  back  the  cushion 
next  the  ladder  to  prevent  it  being  soiled  by  foot-marks  until  all  the 
sitters  are  in.  Seat  yourself  at  the  yoke-lines,  and  give  the  order 
**  Shove  off."  Your  bowman,  with  a  vigorous  shove,  will  send  the 
boat's  head  away  from  the  yacht's  side,  then  lay  his  boat-hook  in 
amidships,  and  toss  his  oar  the  same  as  the  others.  You  then  give 
the  word  ^*L3t  fall;"  the  four  oars  are  dropped  simultaneously 
and  li<7htly  into  the  water,  and,  with  a  good,  steady  stroke,  the  boat 
is  under  way. 

With  respect  to  the  rowing,  you  must  work  your  crew  into  a  good 
style.  Let  each  man  sit  square  upon  his  thwart,  and  rather  on  its 
after  edge,  looking  neither  to  port  or  starboard,  but  right  aft.  Let 
the  stretcher  be  rather  short  for  his  legs  than  otherwise,  his  heels 
touching  and  his  toes  turned  well  out ;  let  the  back  be  held  straight, 
tbe  head  erect,  and  the  chest  thrown  out,  the  arms  loose  and  free, 
the  outer  hand  near  the  end  of  the  oar,  and  the  inner  one  just  on  the 
swell  of  the  loom,  for  the  purpose  of  feathering.  Then  let  every 
man  throw  his  body  aft  simultaneously  with  the  stroke-oarsman,  and 
shoot  out  his  arms  at  the  same  time  over  his  toes,  straight  and  low, 
which  will  enable  him  to  feather  high,  and  row  clean  in  a  heavy  sea. 
Chop  the  oar  into  the  water  untvl  the  blade  is  covered,  and  no 
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deeper,  heave  his  body  back  with  an  aniform,  easy,  yet  powerful 
BwiDff,  keeping  his  arms  straight  until  just  the  end  of  the  stroke, 
when  he  i^ould  bring  his  elbows  back  close  to  his  hips  until  his 
hands  lightly  touch  his  body  below  the  ribs.  The  swing  back  and 
the  power  of  the  arms  are  greatly  assisted  by  straightening  the 
legs  ;  and,  in  fact,  a  good  oarsn^n  uses  his  legs  as  much,  if  not 
more,  than  his  arms  in  giving  effect  to  the  stroke. 

The  moment  the  oars  grasp  the  water  well  forward,  they  should 
be  ripped  through  it  with  a  swing,  and  the  body  should  not  be 
thrown  far  back,  as  it  is  an  expenditure  of  force  without  corre- 
sponding results.  Once  the  oar-blade  passes  a  little  beyond  the  row- 
lock, it  should  be  delivered,  and  if  the  spray  is  dashed  aft,  and  not 
upward,  it  shows  that  each  man  is  rowing  his  stroke  fairly  through 
the  water. 

If  you  are  going  to  a  landing  stairs,  or  alongside  of  another  yacht, 
you  must  use  your  yoke-lines  with  a  little  judgment.  Keep  some- 
what to  leeward  of  the  object  you  want  to  get  alongside  of ;  bring  the 
boat's  head  round  with  an  easy  sweep,  at  full  speed  ;  as  you  near  it 
give  the  order,  **In  bow.*'  The  bow-oarsman  will  then  lay  in  hia 
oar  and  stand  in  the  bow,  boat-hook  in  hand.  When  you  have 
judged  the  distance  that  she  will  run  up  with  her  way  alone,  give 
the  order,  **  Oars; "  the  other  three  men  will  toss  up  their  oars  and 
lay  them  in  with  the  blades  forward,  taking  care  as  they  do  so  not 
to  let  all  fall  with  a  crash  on  the  head  or  body  of  the  bow-man ; 
then,  as  she  closes  in,  give  her  head  another  Bheer  out,  and  she  will 
glide  alongside  handsomely,  when  the  stroke-oarsman,  with  his  boat- 
hook,  assists  the  bowman  to  hook  on.  The  fenders  are  thrown  over 
the  gunwale  by  the  other  hands,  to  prevent  her  sides  being  chafed, 
and  when  you  get  on  shore,  or  on  board  anothc  r  vessel,  she  is  shoved 
off  to  the  extent  of  the  boat-hook  staffs,  or,  should  other  boats  be 
coming  alongside,  lies  off  under  a  pair  of  oars  until  required. 

Should  you  ever  find  yourself  in  danger  of  lunning  into  another 
boat  that  may  appear  suddenly  from  behind  a  vessel  in  a  crowded 
harbor,  the  simple  order,  *' Stern  aU,"  to  the  crew  will  Iring  your 
boat  up  all  standing  by  their  instantly  holding  water  with  the  oars 
and  backing  strongly. 

Should  you  be  caught  in  a  heavy  broken  sea  whilst  making  for  the 
yacht,  and  you  find  it  overpowering  you,  get  tV\fe\io«k\J^\^^«i^\52»>i^ 
and  lie  on  tie  oars,  just  keeping  steerage  way  untW.  ^^  \i^«»T»  ^'s^tv 
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to  you.  Whilst  waiting  her  approach,  if  a  very  heavy  comber  come 
rolling  down  upon  you,  keep  her  stem  on  to  it,  and,  as  it  comes  near, 
back  her  8teadily  before  it,  so  as  not  to  offer  any  resistance ;  she 
will  rise  at  the  same  time  that  she  recedes  froji  it,  and  the  moment 
it  rolls  under  her,  make  the  crew  give  way  a  stroke  or  two  steadily ; 
give  her  a  sheer,  with  the  rudder  transversely  across  the  back  of  the 
wave,  so  as  to  prevent  her  pitching  too  heavily  to  recover  herself 
before  the  next  comes  on ;  meet  her  again  with  the  helm,  and  enter' 

,  her  fairly  to  the  sea  as  before,  backing  her  from  its  violence,  and 

thus  you  will  make  excellent  weather  of  it  until  the  yacht  arrives  to^ 
your  assistance.     It  requires  just  a  little  coolness,  a  quick  eye,  and^ 
a  ready  hand ;  your  crew  perceiving  you  are  possessed  of  theses 
qualifications  will  have  perfect  confidence  in  you.     When  the  ves^ — 
sel  nears  you,  she  should  run  up  under  your  lee,  so  as  not  to  f>iv^ 
you  her  wash  in  addition  to  the  weight  of  the  sea,  and  heave-to  tc^ 
windward ;  you  can  then  pull  up  under  her  lee,  humoring  the  sea^ 
as  before ;  let  her  crew  heave  you  a  line,  which  pass  under  the  f ore^ — 
most  thwart,  and  sheer  the  boat  off  clear  of  her,  veering  and  hauling^ 
on  the  line  as  the  sea  may  require.     The  moment  a  smooth  tim^* 
offers,  make  a  dash  for  the  main-rigging ;  don' t  attempt  to  boar^ 
her  on  the  lee  quarter,  for  should  she  make  a  sudden  'scend  in  th^ 
sea  she  would  smash  you,  boat  and  crew,  into  very  respectable  frag^ 
ments    under    her  quarter   with   her   main-boom.     Get   the   oars^ 
cushions,  etc.,  out  of  her  ;  unship  the  rudder  and  thole-pins ;  mak^ 
fast  the  end  of  another  painter  along  with  her  own  to  the  ring-bolt^ 
in  her  stem,  and,  veering  out  a  good  scope  of  both,  make  them  fast^ 
on  each  quarter  of  the  yacht ;  thus  you  will  tow  her  steadily  untiS^ 
opportunity  offers  to  take  her  on  board. 

In  boarding  a  yacht  under  way  with  a  pant  or  dingy,  in  moderate 
weather,  the  moment  you  heave  the  painter  to  the  men  on  ded^ 
jump  aft  and  sit  down,  when  they  can  haul  you  alongside  safely  ^ 
but  if  you  remain  forward,  from  the  bow  being  deeper  than  tiie^ 
stem  through  your  weight,  she  will  take  a  sheer  and  turn  bottouB. 
up  with  you  to  a  certainty.     If  the  crew  should  heave  you  a  line,  d9 
not  attempt  to  hold  on  to  it  with  the  idea  of  hauling  yourself  along' 
side ;  if  you  do,  she  will  take  a  sheer  from  the  same  cause,  and  ove^ 
she  goes  ;  let  them  veer  it  out  until  you  have  made  it  fast  forward 
and  gone  aft^  and  then  they  can  haul  up. 
iVb  jraobt  should  be  without  a  cow^\a  oi  \\\fe-\sQ5s^%^  Que  on  each 
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quarter,  looped  up  with  beokets  and  toggles,  and  always  ready  for 
immediate  use.  Bosses  and  seats  made  of  painted  canvas,  stuffed 
-with  cork  sbayingB,  and  having  beoket^oops  round  them,  are  ex- 
tremely convenient  on  board  a  yacht,  and  make  excellent  life-buoys. 
With  air-tight  copper  or  sine  vessels  fitted  into  the  bow  and  under 
the  stem-sheets  of  your  gig,  and  with  vulcanized  India-rubber  tubing 
placed  under  the  thwarts,  you  can  convert  her  into  a  very  respect- 
able life-boat,  and  although  she  will  not  possess  all  self-righting 
^  and  other  qualities,  yet  still,  though  filled  with  water,  she  can- 
not sink  under  you,  and  even  moderate  assistance  will  keep  a  number 
of  men  floating  until  succor  reaches  them. 

"  The  International  Code  "  being  the  one  generally  adopted  by 
yachtsmen,  and  recognized,  is  that  best  adapted  for  you  to  make 
yourself  acquainted  with.  As  this  code  enters  fully  into  all  details 
of  day  and  night  signalling,  it  would  be  superiiuous  my  doing  so, 
furthermore  than  telling  you  that  to  work  day  signals  properly  and 
sharply,  you  must  have  two  complete  sets  of  flags  ;  irrespective  of 
the  purposes  for  which  you  require  them,  they  will  give  your  ship  a 
very  imposing  appearance  when  she  is  '^dressed  in  her  besf  for 
regatta  days  or  other  state  occasions. 

The  best  plan  for  keeping  these  flags  in  order,  and  ready  at  any 
time  for  use,  is  to  have  two  rolls  of  canvas  made  somewhat  similar 
in  shape  to  a  portable  dressing-case  ;  let  each  roll  be  sewn  with  rows 
of  pockets,  having  the  number  or  name  of  each  flag  legibly  printed 
thereon ;  thus  the  two  sets  will  be  kept  distinct,  confusion  avoided, 
and  you  can  turn  from  one  roll  to  the  other  for  the  flag  you  require, 
while  those  that  have  been  used  are  being  folded  and  returned  to 
their  respective  pockets  for  further  use. 

The  moment  you  discover  a  signal  made,  write  down  the  number 
of  the  flags  the  first  thing ;  then  refer  to  your  code  and  ascertain 
its  reading,  writings  it  opposite  the  numbers  you  have  taken  down  ; 
seek  for  an  answer  suitable,  write  it  down,  below  the  question,  with 
the  numbers  of  the  flags  that  make  it  opposite ;  then  proceed  to 
answer  tbo  «(P^9ti09  by  hoisting  these  flags. 
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HANDUNO  A  OUTTBR  TACHT. 

Preparations  for  Getting  Under  Way. — Take  off  the  sail  covers. 
Loose  the  main-sail ;  hook  the  main  and  peak-halliards ;  man  the 
topping-lifts  and  top  up  the  boom,  one  hand  oyerhauling  the  main- 
sheet  to  allow  the  boom  to  rise. 

Man  the  main  and  peak- halliards  and  hoist  away,  obaenring  that 
the  ensign -haUiards  are  clear ;  with  donble  topping-lifte  enter  the 
gaff  between  them  as  the  sail  goes  up.  Get  the  throat  well  up  first, 
and  then  sweat  up  the  peak  ;  belaj  the  halliards,  and  finish  Uie  set- 
ting by  the  purchase. 

Set  up  the  runners  and  tackles  ;  haul  taut  and  belay  the  main- 
sheet,  coil  down  the  slack  of  it  and  capsize  the  coil  clear  for  run- 
ning.    Clear  nway  the  deck  aft  of  all  spare  gear. 

If  the  gaff  top-sail  is  to  be  set,  send  it  aloft  after  the  main-sail  in 
set,  and  before  touching  the  head-canvas. 

If  only  one  top-sail  sheet  is  fitted,  be  careful  to  send  up  the  sail  oxi. 
the  proper  side  of  the  gaff.  Bend  on  the  halliards  about  one- third. 
the  length  oi  the  yard  from  the  fore  end,  and  the  sheet  to  the  cle\^ 
of  the  sail,  observing  to  have  both  clear  of  the  topping-lifts. 

Lash  a  small  tail- block  on  the  fore-end  of  the  yard,  through  whicfc*- 
reeve  a  light  clew-line,  making  the  standing  part  fast  to  the  cle^;^^ 
of  the  sail,  and  having  the  fall  lead  on  deck.     Hook  a  tack-tackle  o: 
to  the  tack  and  sway  aloft,  keeping  the  sheet  clear  of  the  gaff  as  i 
goes  up.     When  chock  up,  belay  the  halliard  and  get  the  tack  do 
by  the  tackle  ;  if  there  is  a  lacing,  have  it  passed  round  the  top-mas' 
and  mast-head  ;  round  in  the  top-mast  stay  till  the  top-mast  has 
slight  rake  forward,  and  then  sheet  home  the  top-saiL 

Thus,  having  set  the  after-canvas,  proceed  to  clear  the  ground 
tackle. 

If  riding  to  single  anchor,  heave  short,  and  as  the  cable  comes  in 
have  a  hand  at  the  stem-head  to  cleanse  it  before  it  enters  th 
hawse-hole. 

If  riding  to  moorings,  cast  the  bridle  off  the  bitts,  take  a  tu 
there  with  the  buoy-rope,  and,  passing  it  under  the  bowsprit- shroud 
and  head-sheets,  stream  it  and  hang  on  by  the  bight  of  the  buoy-ropcs=- 

Slack  the  top-mast  stay  and  get  the  bobstay  well  down,  then  eas 
the  top-sail  sheet  and  get  the  top-mast  forward  again,  after  whic 
sheet  home  the  sail. 
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See  the  bowsprit-shrouds  well  taut. 

Next  reeve  the  fore  and  jib^faeets,  get  up  the  fore-sail  and  lace  it 
to  the  f ore-stny ;  or,  if  it  works  on  himks,  see  it  clear  ;  hook  on  the 
sheets  and  halliards,  and  leave  it  handy  for  running  up,  taking  care 
to  belay  the  fore-sheet  on  the  side  opposite  to  that  on  which  you 
intend  to  cast  the  vessel*  s  head,  but  slack  enough  to  permit  the  sail 
to  hoist  freely. 

Now  get  the  jib  along  and  bend  on  the  sheet,  observing  to  have 
an  overhand  knot  on  the  ends  of  the  sheets  to  prevent  their  being 
unrove  by  the  flapping  of  the  sail  while  hoisting  ;  hook  the  jib  to 
the  traveller  on  the  bowsprit,  then  hook  on  the  halliards,  seeing 
them  clear  of  turns  and  of  the  stay.  Man  the  jib-tye  fall  and  run 
the  sail  out  until  the  clew  clears  the  fore-stay.  Hoist  on  the  hal- 
liards to  keep  the  sail  out  of  the  water,  and  run  the  traveller  out  to 
its  berth ;  then  belay  the  tye-fall  to  the  bitts,  run  the  jib  up  taut 
with  the  purchase,  and  overhaul  the  purchase  well  in  order  to  get 
the  full  length  and  power  of  the  tackle  during  the  day's  cruise. 

If  you  are  not  g^ing  to  get  under  way  immediately,  instead  of 
hoisting  the  jib  it  may  be  stopped  on  the  bowsprit,  just  outside 
the  stem,  with  a  single  gasket ;  or  a  neat  and  handy  way  is  to  have 
a  small  block  aloft,  alongpside  the  fore-halliard  block,  with  a  light 
whip  rove,  having  a  thimble  and  hook  at  the  end  ;  then  when  the  jib 
is  out  and  set,  hook  on  the  whip  to  the  jib-clew,  and  clow  up  the  foot 
of  the  sail  along  its  luff,  which  keeps  the  sail  handy  and  out  of  the 
way  of  flapping  about. 

You  are  now  all  ready,  and  the  last  care  will  be  your  boat.  If 
you  intend  towing. her  astern,  be  sure  that  the  painter  is  stout  and 
well-belayed  inlxmrd ;  should  it  come  on  to  blow  fresh,  with  a  heavy 
sea,  give  her  a  good  scope  of  painter,  especially  if  you  are  running 
before  the  wind.  If,  however,  the  wind  should  be  light,  you  "may 
shorten  her  up  close  astern,  as  she  will  tow  so  much  easier. 

Slipping  from  regular  moorings,  it  is  a  good  plan  to  hold  on  to 
the  buoy,  when  you  get  way  on,  until  you  stream  it  out  into  a  clear 
position  for  coming-to  again. 

Being  *'  All  ready,"  ship  your  tiller,  ease  away  the  main-sheet 
sufficiently,  trim  tlio  jib-slieot,  run  up  the  fore-sail,  cast  off  the 
buoy-rope,  and,  as  her  head  pays  off,  trim  the  main-sheet. 

See  the  fore  end  main-tacks  well  down.     Keep  her  a  ^qq(1  <^\^%!s^ 
"  full-ncd-byc." 
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CHUISING. 

Be  careful,  no  matter  how  fine  the  weather  is,  to  have  the  down- 
hauls  always  bent,  and  halliards  clear  for  running.  At  least  one 
reef -earing  should  be  rove,  and  in  reeving  pass  it  up  through  the 
score  in  the  boom-blocks,  thence  through  the  cringle  on  the  main- 
sail, and  down  under  the  sheave  in  the  block  on  the  other  side  of  the 
boom.  The  fall  may  be  taken  inboard  and  made  fast  to  the  boom; 
or,  if  the  day  looks  threatening,  the  reef -tackle  may  be  hooked  at 
once  to  the  boom,  and  the  earing  bent  to  its  hook  wiih  a  Blackwall- 
hitch.  The  tackle  should  then  be  overhauled  along  the  boom,  and 
made  fast  with  two  or  three  turns  of  its  own  fall  round  both  boom 
and  tackle. 

A  main-tack  tricing-line  should  be  a  gun-tackle  purchase,  having  a 
tail  to  the  lower  block ;  when  bent  to  the  tack-thimble  the  tail  will 
hang  free,  and  by  hitching  it  round  the  boom  a  down-haul  may  be 
made  instantly  for  the  throat  of  tbe  main-sail. 

Have  a  look  all  round,  immediately  after  you  get  fairly  under 
vray,  and  take  heed  that  the  main  and  peak-halliards,  head-halliards 
and  main-sheet,  are  all  coiled  down  and  the  coils  capized  clear  for 
running. 

You  are  now  fairly  under  way,  sailing  on  a  bow  line,  with  every  sail 
telling,  and  a  moderate  sea  on.  The  tiller  is  pressing  against  your 
hand  with  a  tremulous  vibration.  You  are  going  along  nicely,  with 
a  fresh  breeze — we  will  suppose  on  the  port  tack — and  desire  to  go 
about. 

Tacking.— When  ready,  sing  out  **  Ready  about."  See  that  a 
hand  goes  to  the  jib-sbeets,  another  to  the  fore-sheets,  and  one  to 
the  main-sheet.  When  all  are  at  their  stations,  the  man  at  the  jib 
sings  out  ^*  All  ready,  sir."  Then  put  your  helm  gently  over  to  lee- 
ward, calling  out  at  the  same  time,  **  Helm's  a-lee."  Let  her  shoot 
well  a-head  in  stays,  helping  her  on  by  hauling  in  the  slack  of  the 
main-sheet,  which  will  keep  her  main-sail  full  and  telling  to  the  last 
moment. 

Mind  that  your  jib- sheet  man  does  not  let  go  the  sheet  by  the  mn. 

It  should  be  eased  up  handsomely  and  steadily  until  she  is  fairly 

Iiead  to  wind,  and  the  lee  sheet  should  not  be  hnuled  until  she  is  fairly 

j'a  tbe  wind  and  just  payin"  oft,  oOc^^x-'wSsfe  \\ife  ^a.\\  will  (jet  aback, 
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and  prevent  her  coming  round  quickly ;  then,  the  moment  the  sheet 
flatters  to  the  lee  of  the  stay,  the  sheet  should  be  hauled  home  like 
lightning,  and  securely  belayed ;  the  fore-sheet  should  be  eased  off 
directly  she  pays  away — never  keep  it  to  windward  a  moment  unless 
you  are  in  a  heavy  seaway ;  both  sheets  should  go  over  almost  to- 
gether. A  vessel  must  be  very  much  out  of  trim  if  she  requires  to 
be  boxed  off  with  the  fore-sail  aback.  Shift  the  main-tack  tackle  to 
windward  of  the  boom,  and  bowse  the  tack  down ;  if  two  tack- 
tackles  are  used,  come  up  the  lee-tackle  and  haul  taut  the  weather 
one. 

Vessiels  are  sometimes  kept  away  at  first,  in  order  to  get  more  way 
on,  and  this  should  be  done  very  carefully,  as,  if  kept  away  too  much, 
she  sweeps  round  in  a  great  circle  when  the  helm  is  put  a- lee,  and 
the  moment  the  sheets  are  eased  up  uhe  loses  headway,  probably 
misses  stays,  or  has  to  be  boxed  off  by  hauling  the  head -sails  to 
windward. 

Let  the  fore-sheet  man  be  particular  to  let  go  and  overhaul  what 
will  then  be  the  weather  topping-lift,  bo  that  it  may  not  girt  the 
sail.  If  not  done  in  time,  the  pressure  of  the  sail  and  gaff  will  pre- 
vent the  lilt  from  rendering  through  its  block.  Also,  when  the  same 
hand  belays  the  lee-sheet,  he  should  step  to  windward  and  haul 
taut  the  other  topping-lift.  Should  the  gaff  top-sail  not  be  standing 
well,  it  should  bo  trimmed  while  in  stays. 

When  fairly  on  the  other  tack,  see  that  the  jib  and  fore- sheets 
are  trimmed  so  that  the  sails  are  a  good  clean  full,  and  that  the 
head-sails  are  standing  at  the  same  angle  as  the  main-sail.  An  inch 
or  two  of  the  head-sheets,  one  way  or  the  other,  may  have  great 
effect  on  the  speed  of  the  vessel ;  if  too  flat  aft,  she  is  bound  and 
her  way  deadened  ;  if  too  slack,  they  are  not  doing  their  work,  and 
the  vessel  is  propelled  by  the  main-sail  alone. 

PREPARATIONS  FOR  HEAVY  WEATHER. 

Shortening  Sail,  etc. — On  the  first  indication  of  the  approach  of 
a  gale,  send  a  hand  aloft  to  cast  off  the  lacing  of  the  top-sail,  man 
the  halliards,  tack  and  clew-line,  and  tend  the  sheet ;  ease  away  the 
sheet  handsomely,  clewing  up  the  sail  at  the  same  time  ;  ease  away 
the  halliards,  hauling  down  on  the  tack  and  clew-line,  osi^  k^^V^Tks^ 
the  sail  clear  of  the  eyes  of  the  rigginfr  as  it  coisiea  ^owo-     \1'0^^ 
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standing  part  of  the  clew-line  is  made  fast  to  the  fore  end  of  the 
yard,  it  will  facilitate  getting  the  sail  down  clear.  Unbend  the 
gear,  make  the  sail  np  on  the  yard  and  lay  it  along  the  deck  ready 
to  set  again  if  required.  Get  up  the  small  jib  and  lay  it  along  tad^ 
forward  and  head  aft,  clear  of  the  weather  fore- sheet. 

Ease  away  the  lee,  and  haul  in  the  weather  fore-sheet,  luff  the 
vessel  up  in  the  wind,  haul  in  the  main-sheet,  cast  off  the  tack, 
tackle,  and  trice  up  the  tack. 

The  vessel  is  now  *'  hove  to,"  and  you  may  shift  the  jibs.  Let  go 
the  traveller,  and  the  jib  will  fly  in ;  let  a  hand  muzzle  it  in  the  lee 
of  the  fore-sail.  Let  go  the  halliaids,  unbend  the  sheets,  and  pass 
them  across  outside  the  fore-stay  to  be  bent  to  the  other  jib  ;  un- 
hook the  tack  and  halliards,  which  latter  pass  to  windward ;  then 
hook  the  fresh  jib  on  the  traveller  next  the  halliards ;  run  the  jib  ont 
and  set  it,  allowing  the  lee-sheet  to  remain  flowing. 

Reefing. — Now  ease  up  the  main-sheet,  man  the  topping-lifts  and 
get  the  boom  well  up,  then  haul  in  the  main-sheet  again  ;  ease  the 
main  and  peak-halliards  the  depth  of  a  reef ;  get  the  reef- tackle 
clear,  and  the  reef-earing  well  down  and  stoppered,  unhook  the 
tackle,  and  pass  a  couple  of  turns  of  the  earing  round  the  boom,  for- 
ward of  the  standing  part,  and  make  fast.  Tie  the  reef-points, 
hoist  away  the  halliards,  and  set  the  sail.  Always  get  the  throat  np 
•first,  then  '*well  the  main-halliards,"  "well  the  peak,"  '*  belay 
all." 

Should  you  require  another  pull  of  the  peak-halliards,  set  them 
up  by  the  purcliase. 

Send  a  hand  aloft,  man  the  mast-rope,  sway  up  and  unfid  ;  then 
case  the  top-mast  down  to  within  a  foot  of  the  sheave  for  the  top-sail 
halliards ;  belay  the  mast-rope  securely,  haul  out  the  stay,  and  set 
up  the  top-mast  shrouds.  Trim  aft  the  jib-sheet,  ease  away  the  lee- 
lift  and  main-sheet ;  trim  over  and  aft  the  fore-sheet,  and  get  good 
way  on  the  vessel. 

You  are  now  under  single-reefed  main-sail,  whole  fore-sail,  and 
small  jib ;  but  the  galo  increases. 

Let  go  the  fore  halliards,  take  in  and  stow  the  fore-sail,  and  sail 

her  under  reefed  main-sail  and  jib.     If  the  sea  comes  heavy,  keep 

fl-ood  way  on  her ;  luff  a  little,  and  enter  her  bow  fairly  to  heavy 

combers  •  then  fill  away  quickly,  oitid  ^To^\i.^T.  \st^<a5i«ide  on  in  the 
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trough;  luff  to  the  next  comber,  and  repeat  the  droppicg  dodge 
agoiiif  always  keeping  good  way  on  the  vessel  and  working  along  » 
zigzag  conise  ;  thus  you  will  avoid  straining  the  yacht  or  her  ppars, 
and,  in  all  probability,  you  will  not  ship  a  cupful  of  water. 

If  it  is  necessary  to  beat  up  to  windward  to  reach  port,  turn  to 
and  get  a  reef  in  tiie  fore-sail,  shift  the  sheets  and  tack,  and  set  it, 
hauling  up  the  weather-sheet  and  heaving  her  in  stays.  Haul  down 
a  second  reef  in  the  main-sail,  and  then  get  way  on  her  again.  If 
she  plunges  heavily,  ease  in  the  jib  until  the  sheet  just  cloars  the 
fore-stay,  and  keep  the  maiu-tack  triced  well  up. 

Should  the  wind  still  increase,  take  in  the  close-reef,  heave  her 
in  stays,  and  l3t  the  jib  run  in;  ease  up  the  bobstay,  bowsprit 
shrouds,  and  top-mast  stay  ;  uniid  and  close-reef  the  bowsprit,  then 
set  up  the  bobstay  shrouds,  and  stay  again,  and  set  the  storm -jib. 
Now  turn  to  and  close-reef  the  main-sail  and  reset  it  ;  close-reef  the 
foresail  and  set  it ;  trim  aft  the  head-sheets ;  batten  down  the  fore- 
hatch  and  main  skylights  ;  get  the  dingy  on  deck,  if  not  already  in- 
board, and  hammer  her  at  it.   . 

Storm  Canvag. — Night  is  coming  en,  and  the  gale  is  hardening 
down  and  getting  leaden-colored  up  to  windward.  The  little  vessel 
perhaps  buries  herself  a  good  deal  in  the  lee  roll,  which  shows  that 
the  weight  of  the  boom  is  telling  on  her  ;  so  get  up  the  storm  try- 
sail, which  should  be  ready  laced  to  the  try-sail  gaff  with  the  sheets 
all  bent.  It  may  be  fitted  with  straps  and  toggles  along  the  luff, 
the  strap  having  a  man-rope  knot  at  one  end  and  an  eye  at  the  other, 
with  the  bight  seized  to  the  eyelet-hole  in  the  luff  of  the  sail. 

When  the  sail  is  all  handy,  watch  for  a  smooth,  and  luff  her  up 
with  an  easy  sweep ;  haul  the  fore-sail  amidships,  the  weather-sheet 
block  just  clear  of  the  mast ;  ease  up  the  jib-sheet  handsomely,  keep- 
ing it  at  full  to  lift  her  ;  lower  away  the  main-sail,  crutch  the  boom 
amidships,  and  haul  taut  and  belay  the  sheets.  Furl  the  sail,  and 
stop  it  along ;  pass  the  boom-lashing,  aud  haul  taut  and  belay  the 
lashing-tackles ;  see  everything  clear  of  the  tiller,  and  that  it  worhs 
clear  of  the  boom,  furled  sail,  aud  lashings.  Get  the  try-sail  along, 
hook  on  the  main-halliards,  and  hoist  the  throat  up  clear  of  the 
furled  main-sail ;  make  fast  the  jaw-parrel,  hook  on  the  peak-hal- 
Lards,  pass  aft  t^e  sheet,  hook  it  into  its  eyebolt,  and  mouse  the 
hooks.     Sway  away  on  the  throat  and  peak-\iaX^ax^^  ^Q^*^^  *0c.«5k 
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Btraps  as  the  sail  goes  up,  and  case  the  sheet  a  bit  to  hninor  the 
sail.  Belay  everything,  clear  the  decks,  and  see  all  sheets  and  hal- 
liards clear  for  running  ;  hard  up  the  helm,  trim  the  fore-  and  jib* 
sheets,  and  sail  her  a  good  ''  full-and-bye.'' 

.  Balance-Reef. — In  case  you  should  ever  bo  caught  without  a  tiy- 
sail  on  board,  you  have  two  resources  for  after-storm  canvas.  One 
is  to  '*  balance-reef '*  the  main- sail.  A  proper  balance-reef  in  a 
main-sail  is  a  series  of  eyelet-holes  worked  in  the  seams  of  the 
cloths  from  the  leech-cringle  of  the  close* reef  to  the  throat  of  the 
sail.  The  main-halliard  is  eased  down,  the  peak* halliards  kept 
standing,  and  a  lacing  passed  through  the  holes  and  round  the  close* 
reef,  so  that  you  have  the  peak  of  the  mainsail  standing  up  like  the 
letter  A  on  the  boom.  These  eyelet-holes  being  now  seldom  seen, 
except  in  trading-cutters,  a  balance-reef  must  be  made  by  lowering 
the  throat  and  lashing  it,  hauling  up  the  slack  cloth  tidily. 

Jury  Try-sail. — Another  resource  is  to  rig  a  jury  try-sail,  which 
may  be  done  by  using  a  spare  fore-sail,  making  the  after-leech  the 
luff  ;  work  eyelet-holes  in  it  with  a  marlingspike,  and  make  fast  a 
mast-lacing ;  hook  the  main-haliiard  to  the  head,  storm-sheets  to 
the  tack,  and  tack-taokle  to  the  clew,  and  you  have  your  Iry-sail. 

Wind  Aft, — We  must  now  take  another  point  of  sailing.  Suppose, 
then,  you  had  the  wind  dead  aft,  and  were  running  before  it,  in- 
stead of  being  close-hauled. 

In  running  off  the  wind,  a  vessel  goes  so  pleasantly  that  jou 
scarcely  take  any  notice  of  the  freshening  wind  until  she  begins  to 
steer  wildly,  and  threatens  to  gybe  the  main-sail  over,  which  would 
be  excessively  dangerous  to  spars  and  gear,  and  an  awkward  pro- 
ceeding at  such  a  critical  time.  This  position  requires  nice  steer* 
ing,  as  the  head  falls  away  in  the  trough,  owing  to  the  sea  taking 
hold  of  her  keel^  and  tending  t )  throw  her  broadside  on  before  the 
advancing  wave.  Meet  her  gently  but  firmly  in  anticipation  ;  then 
mind,  or  she  will  take  a  sweep  to  windward,  and  threaten  to  come 
up  broadside  to  This  you  must  also  prevent  by  meeting  her  in 
time.  A  quick  eye  and  a  ready  hand  will  serve  you  well,  and  by 
observing  to  put  the  helm  slightly  down  or  up  in  advance  of  these 
movements,  she  will  be  easily  controlled. 

Tou  have  run  on  too  far,  and  tVie  ^^^  \a  heayy  and  the  gale  too 
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stroDg.to  think  of  rounding-to  for  the  purpose  of  getting  her  under 
storm-canvas. 

Drop  the  peak  of  the  nxam-sail  until  it  is  just  square ;  in  with  the 
jib  smartly,  observing  not  to  start  the  halliards  until  you  have  the 
foot  secured ;  reef  the  bowsprit  and  set  the  storm-jib  ;  then  lower 
the  fore-sail,  close-reef  and  reset  it.  Make  fast  the  weather  top- 
ping-lift, lower  the  peak  to  the  hfts,  trice  up  the  main-tack  to  the 
throat,  and  the  main-sail  is  ''^  scandalized.^^  Haul  taut  and  belay 
the  lee  topping-lift,  let  go  the  main-halliards,  and  haul  the  throat 
down  to  the  boom  by  the  tack  tricing-line ;  round  in  the  main- 
sheet,  lower  away  the  peak,  and  stow  the  mainsail.  Crutch  and 
lash  the  boom,  and  set  the  storm  try-sail  ;  then  away  you  go  again. 

We  will  now  presume  that  the  vessel  is  on  her  first  course  and 
snug,  drawing  near  a  port  with  wh^ch  you  are  not  very  well  ac- 
quainted. If  at  night,  it  is  not  advisable  to  enter  the  harbor,  but 
keep  plenty  of  sea-room  and  tack  off  and  on  shore  until  daylight ; 
or,  if  you  prefer  it,  heave  her  to  with  her  head  off-shore,  the  fore- 
sheet  to  windward,  jib-sheet  easel  up,  and  main-sheet  rounded  in, 
keeping  one  hand  on  deck  to  attend  the  tiller,  and  another  to  keep 
a  bright  look-out  for  vessels,  especially  steamers. 

Should  the  gale  come  on  very  weighty,  take  plenty  of  sea-room, 
and  heave  her  to  with  both  jib  and  fore-sheets  belayed  on  each  bow, 
and  the  sails  trimmed  right  amidships.  Should  it  be  found  neces- 
sary, stow  the  foresail  and  heave  her  to  under  the  jib  alone,  having 
a  hand  at  the  tiller  to  humor  her  through  the  seas.  A  sea  or  float- 
ing anchor  may  also  be  rigged,  and  both  the  jib  and  foresaU  stowed. 

Qoing  into  Port. — ^We  have  now  daylight  and  may  get  into  the 
harbor.  Get  the  boat  out,  see  the  plug  in,  and  lay  the  oars  all  ready 
for  use  ;  get  the  warping-line  ail  ready  should  occasion  require  it ; 
have  a  look  at  the  chart  and  see  what  depth  of  water  there  is  gen- 
erally about  the  anchorage ;  get  the  anchor  stocked,  and  cable 
shackled,  ready  for  coming  to. 

When  you  are  choosing  a  berth  endeavor  to  pick  a  clear  one,  with 
room  to  cast  from  when  getting  under  way  again,  and  above  all, 
anchor  ahead  of  more  weighty  vessels  than  yourself,  as,  should  they 
drive  from  their  anchors  they  must  come  down  upon  you,  when  the 
superior  weight  tells,  and  their  grief  is  your  doom  unless  you  can 
contrive  to  ^p  from  the  anchor  and  get  under  v/ay  \  vT\i^x^^^^Ml^^^ 
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drag  down  npon  them  you  oaxinot  do  them  much  harm,  and  haye 
something  to  heave  a  Ime  to,  to  brmg  you  up. 

"Wiien  you  have  picked  your  berth,  see  that  therfe  is  a  buoy  made 
fast  with  a  stout  buoy-rope  to  the  anchor,  lower  the  fore>sail  and 
stow  it.  If  the  vessel  carries  good  headwi^  in  stays,  keep  her  well 
to  leeward  of  her  berth,  keep  good  way  on,  put  the  helm  genUy 
down  and  ease  up  the  jib-sheet  as  she  flies  up  in  the  A«ind  ;  w&uk 
by  the  land  when  her  headway  ceases,  and  just  as  she  begins  to 
.gather  stemway,  let  go  the  anchor,  pay  out  the  chain  handsomely 
as  she  takes  it,  and  you  will  avoid  a  foul  anchor.  A  g^ood  scope  is 
from  four  to  five  times  the  depth  of  water. 

When  you  are  all  right  turn  out  all  reefs  and  hoist  the  sails  to 
dry  if  the  weather  be  fine,  if  it  continue  wet  and  stormy  make  them 
up  loosely  for  fear  of  mildew ;  shove  the  cork-boat  fenders  over  the 
side  to  prevent  the  paint  being  injured  by  boats  coming  alongside ; 
get  the  top-mast  on  end  and  properly  stayed,  all  loose  gear  belayed, 
etc. ,  get  the  bowsprit  out,  shrouds  belayed,  and  bob-stay  triced  up 
out  of  the  way  of  the  cable  ;  clear  away  the  decks  and  have  a  good 
wash  down,  after  which  your  little  vessel  will  look  as  fresh  as  if  she 
had  not  been  battering  away  at  the  wild  sea  all  night. 

IN  PORT. 

Always  have  a  look  round  the  vessel  yourself  in  the  morning 
after  breakfast ;  row  off  a  short  distance  in  the  dingy,  see  that  the 
topping-lifts,  halliards,  top-mast  stay  and  shrouds,  bowsprit-shrouds, 
all  running  gear,  etc. ,  are  set  well  taut ;  that  the  copper  is  bright 
and  clean,  bulwarks  and  bends  black  and  polished  (if  not  let  them 
have  a  coat  of  lamp-black  and  Japan  varnish),  ridge-ropes  and  man- 
ropes  properly  rove,  the  burgee  and  ensign  chock  up,  and  that  the 
standing-rigging  looks  black. 

Having  satisfied  yourself  that  .ill  is  correct  from  without,  inspect 
the  decks,  see  that  the  rail  and  forecastle  flooring  are  as  white  as 
snow,  all  brass-work  polished,  accommodation-ladders  over  the  side, 
with  neat  mats  on  deck  for  visitors  to  cleanse  their  shoes  on,  proper 
fenders  along  each  quarter,  all  the  halliard  and  tackle  falls,  main- 
sheet,  etc.,  flemish  coiled  in  their  proper  places,  all  skylights  open 
for  reatilatioUf  and  a  wind-sail  to  the  forecastle  for  the  same  par- 
pose. 
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White  Decks .  (Recipes,  Etc.). — White  deckR  are  a  great  desid- 
eiatnin,  and  as  they  are  generally  covered  with  varDlsh  during  the 
winter,  it  is  necessary,  to  g^t  rid  of  all  traces  of  varnish  and  dirt. 

Take  of  American  potash,  six  pounds  to  every  gallon  of  water,  and 
boil  it.  When  ready,  dip  into  it  a  piece  of  white  pine ;  if  it  colors 
the  .pine  red  at  once,  it  is  too  strong,  and  .requires  the  addition  of 
more  water.  When  it  is  the  right  strength,  lay  it  on  evenly  all  over 
the  deck  while  quite  hot.  This  must  be  done  in  the  evening  after 
sundown.  Get  to  work  in  the  morning  before  sanrise,  and  scrub  it 
off  carefully  with  deck  brushes  and  fresh  water  ;  be  careful  that  the 
sun  does  not  get  at  it,  for  if  it  hardens  on  it  will  cause  you  endless 
trouble.  Immediately  afterward,  holystone  and  scrub  with  .sand. 
When  the  decks  are  thoroughly  dried,  apply  a  mixture  of  one  pound 
of  oxalic  acid  to  a  gallon  of  water  evenly  and  lightly  with  a  clean 
mop,  and  the  decks  will  come  out  as  white  as  snow.  The  latter 
mixture  will  also  take  out  stains  of  oil  or  verdigris,  if  applied  quickly. 

The  potash  mixture  will  also  clean  all  grease  or  oil  off  the  copper  ; 
but,  to  get  off  verdigris,  take  one  gill  of  vitriol  to  a  gallon  of  water, 
apply  this  to  the  copper,  and  wash  it  all  off  carefully  as  soon  as  it 
fizzes  up.  Or  the  copper  may  be  well  scrubbed  with  sand  and  canvas. 

Smooth  jet-black  bulwarks  and  bends  add  much  to  the  smart  ap- 
pearance of  a  vessel ;  when  coat  after  coat  of  paint  is  laid  on,  the 
results  are  great  blisters  and  dull-looking  paint.  These  coatings  of 
paint  should  be  entirely  removed  by  heat,  or  by  leaving  the  above 
potash  mixture  on  about  two  hours,  and  then  Fcrubbing  it  completely 
off.  Next  put  on  a  couple  of  coats  of  priming,  lead-color  if  desired, 
stop  all  inequalities  with  putty,  rub  the  surface  smooth  with  pumice- 
stone,  then  coat  with  thin  ivory- black  two  or  three  times,  rubbing  it 
in  with  pumice-stone  to  prevent  air-bubbles  or  blisters,  and  finish  off 
with  black  Japan  Tarnish. 

HINTS  ON  HANDLINa  YACHTS. 

Whenever  you  get  under  way  in  a  racing  craft,  handle  her  exact- 
ly as  if  you  had  a  prize  in  view.  Start,  if  only  for  an  hour's  cruise, 
just  the  same  as  for  a  race ;  test  every  rope  and  spar,  every  clip- 
hook,  block,  and  shackle  in  your  gear.  It  is  better  to  carry  aw&y  th.^ 
mast  during  a  cruise  than  when  you  have  ^ust  cVeax^^  «i.\o\»  oil  ^^^- 
pers,  and  are  looking'  well  to  win  a  cup.     BettBi  t\i\xa  ^o  ^eX»  t^^  <2kt  •»» 
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bad  bowsprit,  a  weak  top-mast  or  rotten  gear,  than  when  you  are  in- 
volved in  extra  expenditure  for  additionid  hands,  entrance  fees,  etc. , 
which  their  failure  will  convert  into  dead  loss. 

See  that  every  sail  sets  properly,  work  the  vessel  in  all  weathers, 
until  you  know  the  amount  of  sail  she  requires  under  every  circum- 
stance of  wind  and  sea.  Have  all  work  done  quickly  and  in  silence, 
and  allow  no  voice  but  tfiat  of  your  sailing-master  to  be  heard. 

As  often  as  you  can  get  alongside  some  vessel  of  known  speed,  or 
get  a  friendly  racer  to  gfive  you  a  trial — this  is  the  time  to  get  the 
ballast  trimmed.  Be  careful  that  the  jib  and  fore- sheets  are  so  ]ed, . 
that  when  the  vessel  is  close-hauled,  the  head-sail  will  make  the  I 
same  effective  angle  with  the  keel  that  the  main-sail  does.  When  you 
get  the  main-sail  set  to  the  greatest  advantage,  mark  the  halliards 
with  a  seizing  of  sail- twine,  so  that  at  any  time  you  may  know  that 
the  sail  is  properly  set.  Always  have  the  main-halliards  fitted  with 
a  purchase,  which  will  be  of  immense  advantage  when  the  last  inch  or 
two  is  required.  Try  her  carefully  close-hauled,  a  couple  of  points 
free,  with  the  wind  abeam  and  quarterly,  and  when  you  discover 
ho(v  she  likes  canvas  trimmed  upon  her  on  these  points,  mark  the 
sheets  with  seizings  of  sail-twine.  Have  the  main  sheet  fitted  with 
a  treble  block  at  the  boom,  a  double  block  at  the  horse,  and  single 
leading-blocks  for  the  falls  on  each  quarter;  let  the  lower  block 
always  traverse  on  a  horse,  by  which  means  you  will  get  a  more 
direct  and  powerful  purchase  on  the  boom  when  close-hauled. 

Never,  under  any  circumstances,  start  without  slinging  the  jam  of 
the  gaff.  There  is  a  tremendous  strain  on  the  main-halliards  and 
blocks  during  a  race,  especially  if  the  main -sail  is  cut  with  a  high 
peak,  so  that  often  the  block-hooks  or  halliards  give  way,  and  down 
comes  the  main-sail  by  the  run,  causing  great  confusion.  The  clings 
may  be  made  of  wire  or  chain,  leather  covered  and  having  an  eye 
at  each  end ;  then  when  the  sail  is  set,  pass  the  slings  under  the 
jaws  of  the  gaff  and  lash  the  eyes  together  on  the  fore-side,  over  the 
eyes  of  the  rigging.  To  get  rid  of  them  quickly  cut  the  lashing,  and 
the  gaff  is  free  for  lowering.  Be  cautious  when  running  before  the 
wind,  possibly  with  a  balloon  top-sail  set,  that  the  main- sheet  is  not 
eased  off  too  far,  so  as  to  jamb  the  gaff  against  the  rigging,  or  the 
first  jump  of  a  sea  or  puff  of  wind  will  carry  it  away. 

Don^t  spare  the  crew  in  setting  or  taking  in  balloon-canvas  until 
satisGed  that  they  handle  it  oa  vjeW  «a  ^V^  M^sK^skV  'wotking-canvas. 


Sec.  yil.  HINTS  ON  HANDLING  YACHTS.  403 

Balloon-sails  are  awkward  to  handle  when  adrift,  and  nnless  worked 
with  lightning  rapidity  half  the  advantage  is  lost.  Another  g^eat 
benefit  of  keeping  a  vessel  up  to  the  racing  mark  is,  you  need  make 
but  a  slight  increase  in  your  regular  crew  for  every  match.  Secure 
in  the  knowledge  that  everything  on  board  is  as  tough  and  lasting  as 
hemp,  wood,  or  iron  can  be ;  that  you  have  a  skipper  with  the  eye 
of  an  eagle,  coolness  of  a  sfoic,  tenacity  of  a  leech,  and  heart  of  a 
lion  ;  a  crew  active  and  silent,  who  know  every  rope  in  the  dark  and 
can  tell  whether  a  sheet  or  a  halliard  wants  an  inch  one  way  or  the 
other — all  tried  under  your  own  eye,  will  cause  you  to  feel  that  you 
can  command  success. 

Balloon-Sails. 

As  much  of  the  utility  of  balloon-canvas  depends  on  the  quickness 
with  which  it  is  handled,  it  is  imperative  that  all  the  gear  connected 
with  it  should  be  in  perfect  working  order,  and  that  the  crew  should 
be  well  practised  in  the  handling  of  it. 

A  capital  plan  is  to  give  the  order  to  set  one  of  your  **  kites,"  and 
note,  watch  in  hand,  the  time  required  to  do  it.  By  repeating  this 
several  times  you  will  see  the  improvement  made  by  the  crew  and  also 
get  to  know  how  much  time  to  allow  for  setting,  shifting,  or  taking 
in  sail,  and,  when  racing,  can  with  confidence  carry  on  the  balloon- 
sails  to  the  last  moment. 

The  Balloon-Jib  is  a  very  large  jib  of  light  material,  used  only 
in  light  winds  for  going  free  ;  it  generally  extends  abaft  the  main 

rigging- 

Spinnaker. — This  is  a  large  triangular  sail  of  light  material,  which 
can  be  set  in  two  ways.  With  the  wind  abaft  the  beam  it  is  set 
from  the  top-mast  head  to  the  deck  and  boomed  out  on  the  wind- 
ward side,  this  forming  a  very  powerful  sail,  which  enables  a  cutter 
to  out-pace  any  other  rig  when  running  ofif  the  wind. 

The  other  manner  of  setting  it  is  as  a  balloon- jib,  and  in  a  light 
beam  wind  it  becomes  equally  powerful  and  useful. 

The  boom  should  be  fitted  with  an  iron  cap  on  each  end,  with  a 
square  hcle  for  the  shank  of  the  goose  neck  to  fit  into,  which  allows 
you  to  use  either  end  at  will.     About  a  foot  f Tora.  ft«tc^  ew^  ^  ^^-^c^^ 
should  he  inserted,  tbrougb  both  of  which  t\i^  o\x\.-\i'b.\x\.  ^wsX^  X^*^ 
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rove,  and  the  ends  made  fast  ix>gether  with  a  reef-knot.  (Forwaid 
and  after-guys  are  used  to  trim  the  boom. 

A  bobHtay  should  be  fitted  with  an  eye  oyer  the  boom-end,  and 
passed  under  a  twisted  hook  in  the  vessel's  side,  and  thence  on  deck. 

The  burton  is  generally  used  for  a  topping-lift.  The  halliaids 
should  be  rove  through  a  tail-block  made  fast  to  the  top-mast  by  the 
eyes  of  the  rigging. 

When  using  the  spinnaker  as  a  jib  the  tack  must  be  hauled  out  to 
,  the  bowsprit  end  by  an  out-haul  (or  lashed  there),  and  it  should  be 
handled  exactly  like  a  balloon- jib,  only,  as  it  is  larger,  it  requires  more 
caution. 

Balloon  Top-sail. — A  jack  yard  is  now  always  used  with  a  bal- 
loon top-sail,  and  to  save  an  accumulation  of  spars  the  square  top- 
sail should  be  made  to  set  on  it  as  on  an  ordinary  yard. 

The  best-shaped  balloon  top-sail  is  one  with  a  very  high  peak,  re- 
sembling very  much  an  exaggerated  jib-headed  top-saiL 

It  is  a  capital  plan  to  have  a  peaking-line,  rove  through  a  sheave 
in  the  top-mast  well  above  the  eyes  of  the  rigging.  This  is  bent  to 
the  yard,  about  half  way  between  the  halliards  and  upper  yard-arm, 
and  causeij  the  sail  to  stand  flatter  when  set,  besides  being  of  great 
assistance  in  hoisting  the  yard  and  sail  clear. 

A  bow-line  should  always  be  fitted  to  the  luff  of  the  sail. 

Balloon  Fore-sail. — This  powerful  sail  is  of  great  value  with 
the  wiud  abeam  or  abaft  the  beam.  Toggles  or  dip-hooks  are  fitted 
to  secure  it  to  the  fore-stay.  The  sheets  are  fitted  double  and  should 
reach  well  aft. 

To  set  it. — See  the  sail  clear,  pass  the  sheets  over  those  of  the 
working  fore-sail,  outside  everything,  and  make  them  fast  well  aft. 
Haul  down  the  working  fore-sail,  shift  the  halliards,  and  hoist  away, 
toggling  the  sail  as  it  goes  up.  Secure  the  tack,  and  trim  and  make 
fast  the  sheets. 

The  sheet  is  sometimes  rove  through  a  tail-block  well  out  on  the 
main-boom.     Keep  one  part  inboard  to  facilitate  taking  in  the  sail. 

Jib  Top-sail. — This  is,  correctly  speaking,  a  stay-sail  set  on  the 

fore  top-mast  stay.     It  is  a  most  useful  sail,  but  requires  experience 

and  caution  in  its  management,  to  avoid  carrying  away  the  top-mast 

The  halliarda  should  be  rove  thxou^^i  QlX^qc^s.  «Xi  \}{i&  '^i^-m.ast  head, 
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and  must  be  long  enough  to  reach  to  the  bowsprit  end.     The  sheets 
Bhonld  be  of  light  line  and  fitted  with  a  neat  toggle. 

To  set  the  sail, — Bend  on  the  halliards  and  sheets  and  get  the  sail  to 
the  bowsprit  end.  Set  a  hand-hoist  handsomely,  toggling  it  as  it  goes 
up.  Secure  the  tack  and  hoist  to  the  full  height.  Make  the  sheets 
fast  at  the  best  place  for  setting  the  sail  properly,  and  let  one  hand 
stand  by  them.  Care  should  be  taken  to  set  up  the  preventer  back- 
stay well  before  hoisting  the  sail. 

The  Shadow. — Tliis  sail  is  intended  to  bean  improvement  on  the 
spinnaker,  and  is  to  be  used  with  the  wind  abaft  the  beam.  It  is 
set  on  a  gaff  which  is  attached  by  a  goose-neck,  to  iron  work  on  the 
fore-side  of  the  mast,  about  where  the  jaws  of  the  main-gaff  rest. 
The  iron  work  should  be  made  so  as  to  allow  the  top-mast  to  pass 
through  it. 

The  length  of  the  gaff  should  be  such  that  when  not  in  use,  and 
hanging  by  the  goose-neck,  it  may  reach  within  four  feet  of  the  deck. 

In  cutters,  and  for  the  fore-masts  of  schooners,  two  halliards  are 
necessary,  one  on  each  side  of  the  fore- stay,  but  on  the  main-mast 
of  schooners  one  will  be  found  sufficient. 

The  sail  is  fitted  with  hoops  which  are  slipped  over  the  gaff,  before 
hooking  on  the  peak-halliards ;  when  the  hoops  are  all  on,  the  head 
of  the  sail  is  bn^ed  up  close  to  the  mast. 

The  gaff  is  then  peaked  up,  and  the  boom,  which  is  similar  to  a 
spinnaker-boom,  is  rigged  out,  and  the  foot  of  the  sail  set  exactly  as 
a  spinnaker. 

The  extent  of  sail  desired  can  be  regulated  according  to  the  dis- 
tance it  is  hauled  out  on  the  gaff.  In  very  light  winds,  a  jib-headed 
top-sail  may  be  set  above  the  sail. 

From  the  gaff- end  are  guys,  with  which  to  trim  it.  When  gybing, 
brail  up  the  sail,  lower  the  peak,  unhook  halliards  and  guys,  pass  the 
gaS  under  the  fore-stay,  shift  the  boom,  hook  on,  and  hoist  away. 

A  Water-sail  is  only  used  when  before  the  wind.  To  set  it,  an 
out-haul  is  used,  in  reeving  through  a  block  on  the  lower  side  of  the 
outer  end  of  the  spinnaker-boom,  and  the  sheet  taken  well  aft,  out- 
side the  bobstay;  the  sail  is  hauled  out  to  the  boom-end,  keeping 
the  tack  taut  enough  to  keep  the  sail  out  of  the  water. 

Water-sails  are  found  only  in  large  yachts,  and  a  good  substitute 
may  be  made  of  a  jib-headed  top-sail. 
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A  Ring-taU  is  set  on  the  grsil  and  boom  of  the  main-sail,  when 
tunning  before  the  wind.  The  peak  down-hanl  may  be  need  for  ■ 
haUlard,  and  a  tail-block  is  made  f^ist  on  the  end  of  the  boom  foi  the 
sheet.  Have  a  down-bani  fast  to  the  head  of  the  sail,  and  on  in- 
banl  on  tbe  foot,  Co  facilitate  taking  it  in. 

When  hoisting-.  Jet  a  hand  steady  it  with  the  down-ban]  to  prevent 
its  beinz  ttFiBted  over.  Rnn  it  np  to  the  gaS-end  t>efoFe  hauling  it  oat 
Tf  tbe  down-baai  and  iu-baal  ere  bent  to  the  onterends  of  thefardi, 
they  will  serve  for  guys,  and  save  extra  gear. 

Temporary  Rndder. 


'Pass  the  end  of  a  chain  down  the  radder-lrunfc,  and  take  it  up 
over  the  atero  ;  lash  the  end  link  to  a  piece  of  spar  (A,  Fig.  1)  fitted 
with  a  blade  (s) ;  put  a  mouse  (ci  on  the  chain,  leaving  two  ot 
three  links  drift  between  it  ,'tnd  the  E^par  for  play ;  sling-  a  pig  o( 
ballast,  or  other  weight,  sufficient  for  immersion,  at  the  lower  put 
ot  the  blade  Id)  ;  fit  a  block  (b)  for  a  tackle  to  trice  it  np  clear  of 
the  screw  in  case  of  making  stemway  ;  fit  gnys  (Fl ;  lower  the  wbole 
over  the^  stem,  aod  heave  the  chain  tight  until  the  mouse  (c)  is 
jammed  tight  in  tbe  lower  port  of  the  trunk  |0)  ;  secnre  the  cWd 
(r.  Fig.  3.),  reeve  the  guys  (p)  throngh  blnoks  at  tbe  rnd  of  a  ff 
acro^  the  stem  (l),  and  take  them  to  the  barrel  of  the  wbeet 
When  tbe  main  piece  of  the  rudder  cannot  be  nnshipped,  lash  a  large 
shackle  to  the  end  of  the  ttpar.  and  reeve  the  chain  (J)  through  tbe 
shackle,  drop  the  bight  of  the  chain  over  the  stem,  ftnd  draw  H 
tight  aader  tbe  counter,  secniiivs^totici  «a&«Vn\xsBjdat  (k). 
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RAOINa. 

Racing  Preparations,  &c. 

In  the  first  place,  I  presume  that  all  needful  preparations  in  gear 
and  sails  have  been  completed,  your  entrance  duly  made,  and  fee 
paid. 

On  the  day  previous  to  a  race  it  is  advisable  to  get  any  of  the 
cabin  fittings,  such  as  cushions,  tables,  seats,  etc. — in  fact,  all  arti- 
cles not  required  for  the  working  of  the  vessel — on  shore  out  of  the 
way.  Next  see  that  the  commissariat  is  properly  attended  to; 
empty  sacks  won*t  stand,  and  hungry  and  thirsty  seamen  don't  toil 
with  a  will  when  somewhat  more  than  a  good  sea-drag  is  required 
upon  some  refractory  sheet  or  halliard.  A  goodly  piece  of  fresh 
beef  and  a  block  of  cheese,  with  a  fair  allowance  of  ale,  will  answer 
the  purpose  in  a  satisfactory  manner.  Cooking  on  board  during  a 
race  being  out  of  the  question,  a  cold  stock  must  be  the  stand-by  for 
all  hands  fore  and  aft. 

As  the  ballast  has  been  proportioned  for  racing-trim,  do  not  neg- 
lect to  start  the  stock  of  water  out  of  the  tanks.  If  practicable,  the 
vessel  should  be  gotten  on  the  ground,  and  the  copper  carefully 
cleaned  and  smoothed. 

See  that  no  spare  gear,  anchors,  odds  and  ends,  scrubbing-brushes, 
etc.,  are  stowed  forward,  or  aft  in  the  run.  Everything  that  you 
must  have  on  board  should  be  placed  in  the  main  cabin,  as  the  more 
concentrated  you  keep  the  weights,  and  the  nearer  the  {^.reatest 
breadth  of  beam,  the  better. 

Get  your  course  laid  down  by  magnetic  bearings  on  a  sectional 
chart.  Should  it  come  on  foggy  or  hazy,  you  will  then  know  where 
to  find  the  mark- boat  by  compass-bearings. 

Note  on  your  chart  the  hours  of  high  and  low  water  on  the  day, 
the  direction  of  the  flood-  and  ebb-tides,  with  their  effects  upon  the 
course  you  are  about  to  sail.  If  in  strange  waters,  a  good  pilot  is 
indispensable,,  but  his  attention  should  be  directed  to  the  pilotage 
alone ;  and  if  the  skipper  or  hand  of  some  local  yacht,  who  has  raced 
the  course  before,  can  be  procured,  so  much  the  better. 

Pay  particular  attention  to  the  wind  as  affecting  the  different 
sides  of  the  course — how  much  running,  leacVxmg.,  «n.^  \»\)lTdoti^  \ft 
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windward  may  be  expected.  The  pilot  will  give  yon  an  idea  of 
what  shifts  of  wind  to  look  for,  or  whether  you  may  count  upon  its 
blowing  true  throughout  the  day. 

You  may  now  take  station  at  the  starting-buoys,  where  you  will 
doubtless  find  yourself  in  company  with  a  number  of  rattling  clippers. 

We  will  suppose  extreme  cases,  and  that,  instead  of  r^ulai  moor- 
ings being  laid  down,  you  are  to  start  from  your  own  anchor ;  so  take 
position  according  to  the  number  you  have  drawn,  giving  the  vessel 
good  way  up  to  it,  so  that  she  may  shoot  well  to  windward  ;  let  go 
the  anchor  properly  buoyed,  and  veer  to  a  good  scope  until  you  drop 
exactly  in  with  your  competitors.  Unshackle  the  chain  near  the 
bitts,  bend  on  the  breast-fast  to  the  cable,  outside  of  the  hawse-pipe, 
then  bend  a  spring-rope  below  that  again,  an  1  lead  it  in  round  the 
quarter-timber  astern,  taking  a  loose  hitch  on  the  top  transom ;  let 
the  end  of  the  cable  run  out  through  the  hawse-pipe,  and  ride  by 
the  breast-fa&t  alone.  Get  the  boat  on  board,  and  the  oars  and  gear 
all  ready  for  service,  then  have  her  turned  bottom  up  and  lashed. 

We  will  suppose  that  you  are  to  start  with  a  fair  wind,  the  after* 
canvas  set,  the  head-canvas  to  bo  run  up  between  the  warning  and 
the  starting  guns.  You  have  two  miles  of  a  run  before  the  wind  at 
the  start,  until  you  reach  the  first  flag-mark,  and  then  gybe-o ;  from 
thence  to  the  second  you  will  have  the  wind  abeam  for  three  miles, 
another  gybe,  and  then  a  run  of  five  miles  with  the  wind  abaft  the 
beam,  or  quartering,  to  the  leewardmost  mark ;  after  which  you 
have  a  turn  of  ten  miles  for  tacking — you  may  call  it  fourteen. 
Twice  round  this  will  give  you  a  nice  course  of  fifty  miles.  So  now 
your  work  is  all  before  you. 

Hook  the  working-jib  on  the  traveller,  bend  the  sheets,  and  run  it 
out,  stopping  it  neatly  along  the  bowsprit ;  lash  the  tack  of  the  bal- 
loon-jib outside  of  all  on  the  bowsprit-end,  hook  on  the  halliards, 
toggle  the  sheets,  and  let  them  lead  well  aft ;  put  a  lazy  stop  round 
the  sail  just  outside  the  stem,  to  keep  the  jib  out  of  the  water. 

See  that  the  fore-sail  is  all  ready  for  running  up,  the  main-sail  set 
to  a  nicety,  the  balloon  top-sail  aloft  and  clewed  up,  and  run  up  the 
racing-flag  to  the  mast-head  in  token  that  you  aie  ready.  Tail  on 
all  hands  and  get  a  good  pull  on  the  quarter-spring,  easing  away  the 
breast- fast  as  you  do  so.  This  will  bring  the  vessel  broadside  to  the 
wind,  but,  whilst  doing  so,  the  main-sheet  should  be  eased,  to  spill 
the  wind  out  of  the  sail,  or  she  will  come  up  into  the  vnnd  again. 
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Hark!  there  goes  the  first  gun;  yon  have  now  five  minutes,  so 
station  the  crew,  the  skipper  to  the  tiller,  the  pilot  to  the  main- 
sheet,  the  mate  to  the  breast-fast,  and  a  steady  hand  to  the  qnarter- 
spring.  These  last  to  have  each  a  sharp  axe  at  hand,  in  case  of 
necessity,  to  cut  away  at  once.  The  remainder  of  the  crew  to  the 
jib-  and  fore-halliards,  and  yourself  to  note,  -watch  in  hand,  the  fleet- 
ing moments. 

As  the  last  few  seconds  approach,  round  in  a  few  feet  of  the  main- 
sheet  to  g^ye  her  life  ;  as  she  bears  upon  the  breast-fast,  veer  it  away 
handsomely  and  heave  in  on  the  spring  with  a  wilL  She  is  uow 
moving  in  spite  of  you,  but  the  last  second  is  at  hand ;  take  a  good 
Slip  turn  of  the  spring,  cast  off  the  breast-fast,  and  pay  out  the 
main-sheet.  Bang,  goes  the  gun ;  up  jib  and  fore-sail,  slip  the 
spring,  trim  the  head- sheets,  pilot  look  to  the  mark-boat,  let  go  the 
clew-line  and  sheet  home  the  top-salL  Select  a  hand  to  attend  the 
jib-sheets,  who  must  wat9h  them  as  a  cat  does  a  mouse. 

Yon  have  managed  to  get  the  lead  and  may  select  your  own  water, 
in  doing  which,  look  sharp  as  to  how  the  tide  sets  in  relation  to  the 
mark-lk»at ;  if  it  is  setting  across  the  bow  from  port  to  starboard, 
you  should  not  keep  dead  on  for  the  boat,  which  you  have  to  leave 
on  the  starboard  hand  ;  keep  her  rather  to  windward  of  it,  or  she 
may  be  set  on  to  the  boat  and  foul  it,  thus  losiug  the  race  ;  or  else, 
in  the  endeavor  to  weather  it,  you  must  haul  aft  the  sheets  and  luff 
up,  which  error  would  be  turned  to  account  by  the  other  vessels. 

On  the  other  hand,  should  the  tide  be  setting  from  starboard  to 
port,  it  would  be  settiug  you  away  from  the  boat ;  and  should  you 
keep  too  high,  you  might  have  to  gybe  long  before  you  reached  it, 
which  would  g^ve  the  vessels  aFtem  an  advantage  ;  and  therefore, 
to  avoid  this,  you  should,  from  the  start,  keep  well  away  to  leeward, 
as  if  you  were  going  to  leave  it  on  the  port. 

As  a  general  rule,  avoid  a  foul  at  any  period  of  the  race,  by  every 
means  in  your  power,  even  if  you  have  to  run  a  few  lengths  out  of 
the  legitimate  course,  unless  you  are  certain  that  a  competitor  is 
wilfully  provoking  a  foul,  then  give  him  such  a  lesson  as  he  will  long 
remember. 

You  are  now  close  to  the  mark-boat,  which  you  must  gybe  round  ; 
and  this  is  a  proceeding  which  often  requires  judgment  and  deter- 
mination.    If  the  wind  is  steady  and  of  average  Btten^Vi^  "^YXXiL  ^ 
smooth  sea,  you  will  have  little  difficulty,  and  can  CT\i^  >nv^  es^rj- 
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tbingf  standing ;  but,  with  the  wind  strong  and  puffy,  and  a  heayy 
jumping  sea  on,  your  skill  will  be  put  to  the  test.  Having  plenty  of 
sea-room  and  being  well  ahead  of  your  competitors,  your  course 
properly  would  be  to  watch  for  a  smooth. 

But  here  you  are  hard-pressed,  and  must  display  a  bit  of  reckless- 
ness which,  under  other  circumstances,  would  be  inexcusable.  Clew 
up  the  top-sail,  ease  up  the  top-mnst  back-stay,  slack  up  the  weather- 
runner  and  tackle,  all  of  which  loop  into  a  becket  for  the  purpose, 
seized  about  four  feet  up  on  the  after  main-shroud  ;  get  the  lee-rnn- 
ner  and  tackle  hooked,  and  as  the  boom  comes  in  let  a  hand  set  them 
up  taut ;  let  the  fore  and  jib-sheets  be  trimmed  over  for  the  star- 
board tack,  and  let  all  hands  tail  on  to  both  falls  of  the  main-sheet. 
Now  round  in  on  the  main-sheet,  hand-over-hand,  like  lightning, 
humor  her  with  the  tiller  until  you  see  the  leech  of  the  main-sail 
flap  over,  and  take  a  turn  with  the  starboard  sheet,  sharp.  Over 
goes  the  main-sail  ;  pay  out  the  lee-sheet,  paving  a  half- turn  of  the 
transom,  and  when  out  enough,  belay  ;  lead  aft  and  set  up  the  star- 
board top-mast  back-stay  ;  sheet  home  the  top-sail,  and  trim  all 
sheets  most  carefully.  This  manoeuvre,  with  a  little  quickness  and 
attention,  can  be  performed  with  perfect  confidence  ;  both  the  ends 
of  the  sheet  should  not  be  belayed,  as,  if  they  are,  a  tremendous  shock 
will  ensue,  probably  resulting  in  the  springing  of  the  boom  ;  much 
depends  upon  the  helmsman,  who  can  assist  the  men  working  the 
sheet,  so  that  the  boom  may  go  over  as  easily  as  possible. 

If  by  any  chance  the  weight  of  the  jib  should  overpower  the  men 
at  the  running-end  of  the  sheet,  put  the  helm  hard  down,  and  let 
the  vessel  run  up  in  the  wind  ;  when  the  wind  will  be  spilled  out  of 
the  main  sail,  and  all  risk  of  carrying  away  your  boom  or  gaflE 
avoided. 

Fairly  on  your  reach,  see  that  every  sail  is  doing  its  duty,  particu- 
larly that  she  is  not  bound  by  the  head-sheets,  and  that  the  tack- 
tackle  is  not  too  ttiut.  Let  every  sail  draw  well  ;  the  fore-  and  jib- 
sheets  should  be  well  eased,  and  a  few  inches  of  the  top-sail  sheet 
may  be  of  advantage  too  ;  berth  your  crew  amidships,  sitting,  and 
let  there  be  no  jumping  about.  When  anything  requires  to  be  done, 
select  the  hands  to  do  it,  and  let  them  creep  along  to  their  work. 

You  are  now  bowling  along  at  a  rattling  pace,  and  have  time  to 

]ook  about  you. ;  there  will  be  generally  one  of  your  antagonists,  or 

perhaps  two,  whom  you  must  keei^  ^  >iet^  «Ja»r^  e^e  upon  ;  I  will 
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assume  that  yon  have  only  one  of  a  Bpeed  causing  yon  serious  appre- 
hension, to  simplify  matters.  If  you  nre  reaching  along  shore,  and 
observe  that  he  stands  in  close,  look  out  that  there  is  neither  slack- 
water,  nor  a  favoring  tide,  which  he  is  seeking  for.  Your  pilot  ought 
to  know  these  secrets,  but  never  quit  this  antagonist,  except  straight 
on  end,  for  whatever  advantage  he  gets,  you  may  have  the  same, 
and  if  you  meet  with  a  check  he  suffers  from  it  likewise. 

Should  you  find  that  the  stemmost  vessels  are  drawing  up  on  you, 
look  out,  for  your  rival  may  be  doing  you  a  mischief  as  well  as  him- 
self ;  by  all  means  do  not  permit  him  to  get  to  windward  of  you, 
for  if  his  sails  once  cover  yours  he  may  hold  you  under  his  lee 
for  miles.  Always  g^t  the  weather-gauge  if  you  can,  and  keep  it  until 
circumstances  force  yon  to  yield,  and  then  keep  your  eyes  sharp 
about  you  to  regain  it. 

Suppose  now  that  squalls  come  sweeping  along  ;  if  you  have  a 
good  lead,  be  cautions  and  ease  your  vessel  to  them,  by  clewing  up 
the  top-sail,  tricing  up  the  main-tack,  and  lowering  the  fore-sail  ; 
but,  if  the  vessels  are  too  close  upon  you,  and  are  carrying  on,  you 
must  carry  on  also.  As  a  general  rule,  in  squalls  always  work  your 
vessel  to  windward  of  her  course,  when  there  are  no  tides  to  be  taken 
into  account. 

Ton  approach  the  second  mark-boat,  and  here  you  have  to  gybe 
again.  You  have  now  a  long  run  before  you,  and  it  will  be  a  favor- 
able time  to  **  make  the  sun  over  the  fore-yard,"  and  serve  out  grog 
in  moderation.  Now  take  a  look  round  ;  see  the  main-  and  peak- 
halliards,  jib  purchase,  etc. ,  well  taut — in  fact,  freshen  up  all  round. 

As  you  near  the  seaward  mark-boat,  prepare  for  hauling  by  the 
wind ;  carry  on  until  the  last  moment,  then  make  quick  work.  Your 
balloon- jib  must  come  in ;  send  a  hand  to  the  bow-sprit  end,  trim 
aft  the  fore- sheet,  and  have  two  hands  ready  to  clasp  the  sail  in 
their  arms  as  it  comes  in. 

Now  let  the  man  on  the  bowsprit  cut  the  seizing,  being  careful  to 
have  a  firm  hM^  or  the  violent  ^'erA;  of  the  bowsprit  will  cant  him  into 
the  water;  the  last  strand  parts,  in  flies  the  jib,  lower  the  halliards, 
unbend  the  gear  and  shove  the  sail  below  through  the  skylight. 
The  man  on  the  bowsprit  has  cast  off  the  stops  of  the  working-jib, 
80  run  it  up  and  trim  aft  the  sheet.  The  top-sail  must  next  be 
attended  to ;  if  the  tack  is  to  windward,  clew  up  the  sail  and  hoAslvt^ 
down  at  onoe;  butshoald  the  tack  be  to  leeward^ k.ee^V[i^^<e^\i^\»sv^- 
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ing,  send  a  hand  aloft,  and  let  him  shift  the  tack  over  to  windwaid; 
haul  it  well  aft,  easing  the  halliards  as  yon  do  so ;  let  the  man  aloft 
now  shove  the  foot  of  the  yard  over  the  peak  halliards  and  to  wind- 
ward of  the  top-mast— the  hands  on  deck  helping  it  from  below  by 
easing  the  top-sail  sheet,  and  the  moment  it  is  clear,  dew  up  and 
haul  down.  If  you  have  a  high-peaked,  well-out,  and  flat-standing 
gaff  top-sail,  by  leading  a  bowlhie  through  a  tail-block  at  the  bowsprit 
end,  and  having  a  long  bowline  bridle  with  the  ends  set  to  thirds  of 
the  luff  of  the  sail,  you  can  make  it  render  excellent  service  in  light 
winds,  when  you  need  every  stitch  to  woo  the  fickle  breeze. 

I  will  suppose  that  you  are  round  the  leewardmost  flag-boat; 
everything  is  braced  sharp  up  for  a  regular  hammering  match  to 
wlndw'ard,  and  your  principal  antagonist  is  racing  beam  and  beam 
with  you.  Take  a  look  at  the  halliards,  see  the  jib  up  taut; 
if  the  luff  is  slack,  get  a  good  sea-drag  upon  the  purchase  while 
you  are  in  stays  ;  the  peak  may  be  better  for  a  email  pull — it  will 
lift  the  boom  off  her  quarter  ;  so  haul  the  weather  topping-lilt  taut, 
easing  a  few  inches  of  the  main-sheet  as  you  do  so  ;  then  get  a  steady 
drag  upon  the  peak-purchase ;  ease  away  the  lift  again  and  see  that 
the  main-  and  fore-tacks  are  well  boarded  ;  be  careful  that  the  ves- 
sel is  not  bound  in  any  way,  but  is  going  along  freely  and  with  life  in 
her.  Let  the  crew  lie  down  under  the  weather-rail  amidships;  see 
that  no  spare  gear  is  trailing  overboard ;  watch  every  puff  stronger 
than  usual,  and  wedge  her  up  to  windward  during  its  strength ; 
keep  an  eye  to  the  laff  of  the  main-sail — if  that  shakes,  you  are  shav- 
ing Loo  close.  Let  the  head-sheets  be  tended  as  the  apple  of  your 
eye ;  you  may  have  to  humor  her  with  them  if  the  wind  falls  light 

In  fair  average  weather,  when  you  go  about,  never  back  her  off 
with  the  fore  sail ;  let  both  head-sheets  go  over  at  the  same  time 
unless  you  have  a  very  heavy  head-sea  on,  and  then  keep  the  weather- 
sheet  up  only  for  the  moment.  If  you  are  reefed  down  she  may  re- 
quire it  a  little  longer,  owing  to  the  low  and  shortened  canvas.  Ton 
are  now  closing  up  with  the  weathermost  flag-boat,  which  you  have 
to  leave  on  the  port  hand. 

The  first  who  rounds  that  boat  will  get  a  tremendous  lead  ;  so  don't 

tack  for  it  until  you  are  sure  to  weather  it,  which  will  be  when  it 

bears  well  abaft  your  beam,  providing  no  tide  is  affecting  you;  if 

there  is^  you  must  allow  for  it  by  bringing  the  mark  farther  abaft,  or 

forward f  as  ciroumstanceB  may  teqjait^.    Oil^wjl  ^<i\  "^ou  are  round 
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the  boat  and  flying  away  off  the  wind  with  your  working- jib  stowed, 
balloon-canvas  going  up  merrily,  and  have  secured  a  rattling  lead. 

Now  that  one  round  is  completed,  have  a  careful  look  round,  give 
all  hands  a  bite  at  the  beef  and  biscuit,  and  commence  the  second 
round  with  a  fair  reaching  wind  as  before. 

But,  how  is  this  ?  Our  hardy  antagonigt  is  holding  on  just  as  he 
was  while  beating  to  windward,  and,  instead  of  bearing  away,  he  is 
hauling  up  to  windward  of  the  course.  The  breeze  is  lulling — now  a 
little  fitful  puff,  and  then  another  lull ;  there  is  a  glassy  streak  along 
the  water  and  little  clouds  are  rising  ahead,  while  under  them  appeals 
a  dark  ripple.  You  remember  that  such  things  as  shifts  of  wind 
occur,  particularly  toward  the  afternoon  as  the  wind  comes  round 
with  the  sun.  This  is  one,  sure  enough,  and  it  comes  dead  on  to  your 
course. 

The  vessel  is  all  upright  in  a  moment,  and  the  canvas  shivering  and 
rattling  like  mimic  thunder.  Your  antagonist  is  far  to  windward, 
and  can  lay  his  course  for  tl;e  second  mark-boat,  while  you  are  dead 
to  leeward  and  must  make  several  tacks  to  weather  it. 

But  it  is  not  too  late  ;  so  round  with  her  on  the  port  tack,  let  two 
hands  get  under  the  lee  of  the  fore- sail  to  clasp  the  balloon- jib,  let 
go  the  tack,  and  the  sail  will  fly  in.  Meanwhile  other  hands  have 
got  the  working-jib ;  toggle  tie  sheets,  bend  the  halliards,  hook  the 
traveller,  and  set  it  at  once.  Next  get  the  balloon  top-sail  down,  and 
then  everything  is  snug,  and  away  you  go  close-hauled,  the  men 
berthed  low,  every  sail  setting  flat  and  tended  jealously.  The  sails 
may  now  be  wet,  if  not  new,  and  they  will  hold  the  wind  better,  but 
observe  to  wet  tJiem  evenly,  not  a  ?pot  must  be  left  dry  to  girt  the 
sail.  Wet  the  jibs  or  top- sails  you  are  about  to  set,  before  they  leave 
the  deck,  then  look  out  as  they  dry  to  freshen  the  nip  on  the  gear. 

Now  for  your  antagonist.  You  are  on  the  port-tack  and  closing 
up  under  his  lee ;  he  is  crossing  your  bows  on  the  starboard  tack, 
and  has  wrested  the  lead  from  you.  You  are  now  crossing  his  wake 
and  he  is  laying  to  weather  the  mark-boat,  but  barely.  You  have 
beaten  him  before  on  a  wind,  and  it  is  fair  to  suppose  you  can  do  it 
again,  and  weather  the  mark  whether  he  does  or  not.  It  is  doubly 
imperative  on  you  not  to  leave  him  now,  so  go  about  at  once  on  his 
weather-quarter —and  there's  a  fresh  puff  to  give  you  a  lift  to  wind- 
ward. Ho !  there's  a  bang.  What's  that  ?  Why,  it's  yo\xt  bc^Viifel-K^ 
carried  away  J    Let  a  hand  creep  down  and  ^laoi  'bAnd  \«a\»  ^^  \^*^ 


414  RACING.  Sec.  VII. 

bowsprit-shroud  tackle ;  ease  her  with  the  jib-sheet:  a  few  inches* 
slack  will  not  hurt  her  much,  and  save  your  stick.  He  is  on  for  the 
mark ;  but  see  1  the  tide  has  caught  him*  and  thrown  him  to  lee- 
ward ;  you  are  to  windward  of  him,  so  now  or  never.  Away  yoa 
go  for  the  boat;  the  tide  has  you,  but  don't  flinch  yet ;  the  bow  of 
the  mark- boat  appears  on  your 'weather-bow — the  mast — her  whole 
hull ;  never  mind,  if  you  are  close  to  her  ;  keep  good  way  on  for  your 
life  ;  shove  your  helm  down ;  lee  the  vessel  run  up  in  the  wind — tiiere 
you  go  flying  by  the  mark-boat  on  a  capital  half-board  until  you  are 
clear  ;  now  ease  away  the  main-sheet,  up  helm,  and  away  you  go 
with  the  lead  again. 

Get  in  the  working-jib,  repair  the  bob-stay,  and  set  the  balloon-jib 
and  gaff  top-sail.  Now  is  your  time  to  make  the  running.  If  you 
have  the  wind  abeam  and  light,  and  the  clew  of  the  jib  reaches  aft 
to  the  rigging,  lower  the  fore-sail  and  let  the  jib  do  all  the  work  (or 
a  spinnaker  may  be  used). 

If  the  balloon-jib  sheet  be  led  through  a  tail-block  at  the  main- 
boom  end,  the  clew  will  be  lifted  well  up,  and,  if  the  wind  is  varying, 
both  main-sail  and  jib  can  be  humored  with  the  main-sheet. 

Get  the  working-jib  made  up  and  stopped  with  split-stops,  so  that 
a  slight  jerk  will  clear  it ;  hook  it  to  the  traveller,  toggle  the  sheets, 
hook  the  working  halliards,  and  run  the  jib  out  and  stop  it  on  the 
bowsprit,  ready  for  setting  the  moment  you  round  the  leewardmost 
mark,  for  as  you  draw  out  seaward  the  wind  is  drawing  out  too, 
and  has  reached  its  old  point,  giving  you  another  beat  home  instead 
of  a  reach. 

You  have  obtained  a  commanding  lead,  but  bo  cautious — there  are 
active  crews  and  fast  vessels  astern  of  you.  Holloa  I  look  out  for 
the  gybe  ! — heads  all !  crash !  bang  !  Top-mast  is  gone,  short  off  by 
the  mast-head  iron  ;  get  the  head-sheets  over  and  trimmed,  and 
trim  the  main-sheet  with  the  wind  quarterly  !  Look  alive,  now,  aU 
hands,  and  secure  the  wreck  under  the  boom,  on  the  lee  side ;  get 
hold  of  the  tack  and  secure  the  top-sail,  let  go  the  sheet  and  haul 
down  ;  cast  off  the  tie  from  the  yard,  the  tack  and  sheet  from  the 
sail,  and  get  in  and  stow  away  the  top-sail.  Knock  the  truck  and 
rigging  off  the  spent  top-mast ;  cut  the  racing  flag  clear  and  send  a 
hand  aloft  to  lash  it  to  the  stump.  If  the  top-mast  be  not  too  much 
splintered  it  may  be  sent  up  as  a  jury-spar  and  a  small  jib-headed 
top-sail  carried^  which  will  tell  txxximi^  ^o  ^wmdward. 
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The  last  sea-mark  is  now  at  baud.  Keep  the  vessel  off  the  wind, 
and  ^et  in  the  balloon- jib,  and,  as  the  wind  has  settled  down  to  a 
steady,  snorting  breeze,  you  may  stow  it  below.  Up  with  the  work- 
ing-jib smartly,  trim  aft  the  sheets,  luff  close  round  the  mark-bo.il, 
rounding  in  both  falls  of  the  main-sheet  as  she  comes  up  until  it  is 
trimmed  by  the  wind  ;  see  the  halliards  up  taut,  board  the  tacks, 
berth  the  crew  low,  and  use  all  your  skilL 

Sail  her  boldly,  making  every  inch  you  can,  and  working  the  sheets 
in  stays  like  clockwork,  so  that  there  shall  be  no  steppage  for  a  mo- 
ment. Luff  to  every  puff  stronger  than  usual,  and  you  w.U  gain 
many  a  length  in  the  wind^s  eye.  Make  sure  work  while  you  can, 
for  you  may  require  every  hair's-breadth  of  vantage  you  possees. 

Here  comes  a  heavy  puff.  Oh,  oh  I  what  jerk  is  that  ? — weather 
bowsprit- shroud  gone — *bout  ship  at  once  to  save  the  bowsprit !  If 
the  sea  is  not  heavy  this  damage  is  easily  repaired  ;  but  should  there 
be  too  much  water  to  risk  men  on  the  bowsprit,  get  the  lashings  and 
spare  rope  ready,  run  her  off  the  wind  for  a  few  moments  and  make 
sharp  work  of  it.  If  the  accident  occurs  close  to  the  flag-boat,  and 
the  weather  is  not  too  heavy,  you  may  cany  on,  easing  in  the  jib 
half  way  and  trimming  the  sheet  farther  aft.  You  are  all  right  again, 
and  have  the  race  still  well  in  hand  ;  so  now  for  the  last  tug.  She  is 
lifting  to  heavy  combers  and  going  along  like  a  witch.  But  eh  ! 
Steady,  what  is  wrong  now  ?  "  Fore-stay  gone  in  the  nip  I  "  Up 
helm,  sharp  for  your  life,  before  the  mast  comes  tumbling  aft ;  slack 
up  and  unhook  the  runners  and  tackles,  pay  out  the  main  sheet  hand- 
somely and  run  her  off  before  the  wind;  let  the  fore-sail  run  down, 
bring  the  runners  and  tackles  forward  under  the  eyes  of  the  rigging, 
and  get  a  stout  strap  passed  round  the  bowsprit  outside  the  stem, 
clear  of  the  head-gear.  Hook  on  the  lower  blocks  of  both  runners 
and  tackles,  and  set  them  up  taut.  Toes  the  boom  up  with  the 
weather-lift ;  it  will  ease  the  dead  weight  of  the  sail  a  bit.  Another 
pull  on  the  tackles  and  belay.  Haul  her  by  the  wind  again,  slack 
the  lifts,  and  trim  the  main-sheet ;  toggle  the  reef -tackle  some  four 
feet  up  the  broken  stay,  and  set  it  up  well  to  help  the  runners ;  lace 
the  fore-sail  on  again  above  the  tackle,  and  run  it  up. 

You  have  the  leading  tack  still,  and  you  deserve  it,  and  although 
I  have  imagined  all  these  disasters  for  you,  and  could  inflict  more 
upon  you,  I  hope  none  of  them  will  ever  befall  you*,  so  I  lea^ft  "^ovi.^ 
the  flagr-ship,  enjoying  the  hearty  cheer  which.  aiwaj^'w^'QatD^^"^  XJaa 
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hardy  yacht  and  daring  crew  that  never  saccumb  to  difficulty,  or  al- 
low a  thought  to  damp  their  determination  to  sail  and  win. 

Varieties  of  Starts. — There  are  three  methods  of  starting  yachts 
for  matcheSf  each  of  which  is  peculiar  to  different  yachting  stations. 

The  first  is  starting  from  ^Moosened  canvas" — that  is,  the  gaskets 
are  off  the  main-sail,  the  fore-sail  is  ready  for  running  up,  and  the 
jib  hooked  to  the  traveller,  sheets  and  halliards  bent,  so  that  when 
the  starting-gun  is  fired  all  the  canvas  has  to  be  set.  On  the  day 
previous  to  the  race  the  main-sail  should  be  well  overhauled ;  the 
seizings  closely  passed,  head-earing  well  hauled  out,  and  g^aff-lacing 
passed  afresh.  Let  the  mast  be  greased,  and  the  patent-rollers  of  all 
blocks  oiled ;  also  the  top-mast,  gaff,  and  bowsprit  sheaves.  When 
the  main-sail  is  ready  for  running  up,  see  that  the  top-sail  sheet  is 
all  clear,  the  ensign -halliards  and  main-tack  tricing-line  also.  With 
double  topping-lifts,  unhook  that  which  will  be  the  lee  one  when  un- 
der way,  to  facilitate  hoisting  the  sail  clear. 

As  a  general  rule,  two'gans  are  fired  at  an  interval  of  five  minutes : 
the  first  to  prepare,  the  second  to  start. 

At  the  first,  station  your  crew  :  the  helmsman  to  his  tiller,  two 
hands  to  attend  the  breast-fa«t  and  quarter-spring,  and  the  rest  to 
the  halliards ;  have  the  head-sheets  belayed  on  the  bow  you  are  going 
to  start  from,  so  tha^i  as  the  stils  go  up  they  may  catch  and  pay  her 
head  off  on  the  proper  cant.  Let  the  main-sheet  be  eased  off  to  its 
proper  trim  (I  assume  that  you 'are  to  start  to  windward),  in  order 
that  she  may  not  be  brought  head  to  wind  as  the  saQ  goes  up.  Note 
by  your  watch  as  the  minutes  expire,  and  as  the  main -halliards  will 
be  the  heaviest  pull,  let  two  of  the  head-halliard  men  jump  aloft  and 
be  ready  to  ride  down  the  main- and  peak- halliards,  cast  off  the 
breast-fast  at  the  flash  and  allow  her  head  to  pay  off,  but  keep  the 
quarter-spring  belayed.  Instantly  the  men  aloft  swing  to  the  deck 
let  them  man  the  head -halliards ;  the  peak  will  be  by  this  time  high 
enough  for  setting  the  main,  so  take  a  turn  with  the  peak-halliards 
and  put  the  men  at  the  throat -halliards.  Cast  off  the  quarter- spring. 
The  throat  of  the  main -sail  being  up,  finish  setting  the  peak,  jib,  and 
fore-sail,  and  set  the  gaff  top-sail;  berth  the  crew  to  windward  aDd 
let  two  hands  clear  the  decks,  ooil  the  falls  clear,  and  lead  the  sheets 
along  to  the  body  of  the  crew. 
WJienever  a  pull  is  required,  get  iV>  -wVuX^Vsi^XiK^^M'^ws.^x^  to  tack 
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Boon ;  if  not,  let  the  men  creep  cantiously  to  the  falls,  hold  your  hand 
up  to  the  helmsman,  and  let  him  *'  luff  and  touch  her  ;  "  then  a  good 
steady  drag,  and  everything  will  go  home. 

The  second  mode^of  starting  is  with  the  after-canvas  set  previous- 
ly, and  head-sails  down  until  the  starting-gun  is  fired.  As  this  meth- 
od has  been  already  noticed,  it  is  unnecessary  to  recapitulate  it  here. 

The  third  method  is  the  **  flying  start,"  which  is  now  the  generaJly 
adopted  plan  whenever  the  nature  of  the  starting-point  will  admit  of 
it.  The  usual  manner  of  starting  is  as  follows  :  A  preparatory  flag 
is  hoisted  on  board  the  commodore's  vessel,  or  at  some  other  conve- 
nient place,  which  is  allowed  to  fly  until  the  appointed  starting  hour, 
then  a  gun  is  fired  and  a  different  colored  ilag  is  hoisted ;  five  min- 
utes later  another  gun  is  fired,  when  all  the  yachts  start  together. 

The  yachts  are  usually  hove  to  in  a  cluster  near  the  flag-ship  before 
the  start,  and  are  required  to  pass  between  the  flag-ship  and  a  flag- 
boat  moored  at  some  convenient  distance,  when  the  starting-gun  fires. 

This  method  of  starting  is  much  the  fairest,  as  all  start  together, 
under  the  same  conditions«of  wind  and  tide,  &nd  although  the  smart- 
est handled  yacht  will  doubtless  get  the  advantage  in  getting  away 
the  first  at  the  start  and  taking  the  windward  berth,  it  is  only  just 
that  such  should  be  the  case,  and  that  skilf  ulness  and  good  seaman- 
ship should  be  rewarded. 

Should  it  be  blowing  pretty  fresh,  take  position  as  much  to  wind- 
ward and  as  close  to  the  flag- boat  as  will  admit  of  your  just  shoving 
her  to  leeward.  Heave  to  with  fore-sheet  to  windward,  and  by  back- 
ing and  filling,  check  her  in  the  chosen  spot.  If  you  have  previously 
determined  that  all  play  to  windward  must  be  made  under  the  lower 
sails,  have  the  topmast  housed.  Should  the  first  stretch  be  off  the 
wind,  however,  the  topmast  may  be  kept  up  and  a  gaff-topsail  set 
over  a  reefed  mainsail.  This  will  enable  you  to  press  your  vessel 
on  the  run  to  leeward,  and  previously  to  hauling  by  the  wind,  by 
lowering  the  topsail  and  housing  the  topmast  she  will  round-to  under 
snug  canvas.  It  is  easier  to  make  sail  than  to  take  it  in  during  blow- 
ing weather,  and  you  can  shake  out  reefs  in  one-fourth  the  time  it 
will  occupy  to  take  them  in.  It  should  always  be  borne  in  mind 
that  alterations  of  canvas  during  a  race  now-a-days  are  made  while 
she  is  under  way,  for  there  is  no  time  to  heave  to. 

The  state  of  the  tide  must  be  well  considered  *,  it  tVi^x^  \^  ^  ^'wtorcw^ 
tide  runningr  Bgahiab  a  light  wind,  and  you  axe  to  "beat  ^o^xi  ^  O^-oxi.- 
27 


418  RACING.  -  Sec.  Vn. 

r 

n^,  you  may  cany  a  jib  and  top-sail  with  great  advantage,  for  the 
tide  carrying  you  bodily  to  windward  you  require  all  the  canyas  you 
can  show  to  keep  good  way  on  the  vessel,  which  should  always  be 
kept  in  the  full  strength  of  the  tide.  With  a  strong  wind  and  mod- 
erate tide,  both  against  you,  be  careful  of  too  much  head-canvas, 
but  carry  a  square-headed  gaS-topsail. 

Under  these  circumstances  a  good  helmsman  will  feel  his  way,  and 
by  the  pressure  of  the  tiller  and  the  working  of  the  vessel,  tell  as  ha 
reaches  into  or  out  of  slack  water,  every  foot  of  which  should  be 
utilized. 

Corinthian  Races. — These  are  becoming  eveiy  year  more  numer- 
ous, and  are  more  interesting  both  to  the  participators  and  spectar 
t/ors  than  ordinary  races  are.  Every  yachtsman  values  a  cup  more 
highly  when  it  has  been  wrested  from  other  yachts  by  the  superior 
management  of  himself  and  his  chosen  friends. 

If  you  are  going  to  race  your  own  yacht,  you  will  doubtless  take 
the  tiller,  if  you  have  confidence  in  your  own  steering;  if  not,  get  a 
friend  with  a  reputation  as  a  helmsman  tO  guide  your  vessel  to  vic- 
tory, and  be  content  to  take  a  maters  berth,  or  work  as  a  deck-hand. 

Although  it  is  of  vast  importance  thab  a  yacht  should  be  well 
steered,  it  is  also  necessary  to  have  a  gool  mate,  one  who  can  set  a 
sail  and  direct  others  how  to  do  it,  and  can  ensure  prompt  obedience 
to  his  orders. 

Should  you  be  i^ble  to  do  so,  it  is  a  capital  plan  to  take  your  ama- 
teur crew  out  a  few  days  before  the  race,  and  let  them  work  the 
vessel  so  as  to  get  the  run  of  the  gear. 

On  the  day  previous  to  the  race,  go  as  near  the  starting-place  as 
convenient  for  anchorage  and  reeve  all  the  racing- gear.  See  all 
balloon-gear  shipped  and  that  everything  renders  easily  in  the  blocks. 
Examine  the  standing  rigging,  and  have  a  preventer  on  the  bob-stay. 
See  the  preventer  back-stays  all  clear  and  1  hat  their  tackles  are  long 
enough  to  reach  the  proper  ring-bolts.  Send  all  spare  gear  on  shore, 
and  then  overhaul  the  balloon-sails,  and  stop  them  neatly,  all  ready 
for  stowing  in  their  proper  places. 

On  the  morning  of  tJte  race,  be  up  early.     Get  your  racing  flag,  fix 
it  on  a  small  staff,  and  lash  it  to  3' our  top-mast  head. 
If  the  morning  is  fine  set  your  ma  u-sail  and  top-sail,  reeve  reef- 
pendanta  and,  if  likely  to  be  neede^^  \i«iA  oa^^wx  reef- tackle,  and 
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stop  it  along  the  boom.  Get  out  the  balloon-sails,  and  stow  all 
handj  for  nse.  If  the  wind  is  light,  get  the  large  flying-jib  to  the 
bow-sprit  and  set  it,  then  stow  it.  If  unable  to  carry  the  large  one 
nse  the  small  one,  unless  the  wind  is  loo  strong. 

Get  the  jib  you  intend  using,  and  hook  on  the  halliards  and  trav- 
eller, toggle  the  sheets,  haul  out  to  the  bowsprit  end  and  stop  it 
with  a  gasket. 

Stow  the  spinnaker  at  the  bottom  of  the  fore -hatch.  Next  get 
the  balloon  fore-sail,  bend  on  the  sheets,  and  stow  it  on  the  floor  of 
the  forecastle,  head  uppermo!:t,  forward  of  the  spinnaker.  Have 
all  the  jibs  laid  all  clear  in  the  main  cabin  where  they  will  be  handy. 
Bend  tiie  balloon  top-sail  on  the  yard  and  jark-yard,  and  if  not  at 
once  set,  make  it  up  and  stow  it  along  the  deck.  Get  your  working 
or  jib-headed  top-sail  all  ready  for  immediate  use.  If  you  are  to 
start  with  a  dead  run  to  the  first  mark-boat,  ship  the  spinnaker-boom 
on  the  proper  side,  and  top  it  up  alongside  the  mast. 

Should  I  he  wind  be  too  strong  to  admit  of  your  carrying  a  whole 
main-sail,  put  in  as  many  reefs  as  may  be  necessary.  If  single- 
reefed  set  No.  3  jib,  double-reefed  No.  4  jib,  and  reef  the  bowsprit. 
With  three  reefs  use  No.  4  jib,  one  reef  in  the  fore-sail  and  double 
reef  the  bowsprit.  Should '  this  sail  not  be  short  enough,  you  may 
close-reef  the  main-sail  and  fore-sail. 

With  a  reefed  main-sail  or  whenever  you  cannot  carry  a  top- sail 
going  to  windward,  house  the  top-mast.  When  running  off  the  wind, 
however,  keep  the  top-mast  up,  and  set  a  jib-headed  top-sail  over 
the  reefed  main-sail. 

Whenever  the  top-mast  is  housed  and  the  distance  to  run  is  short, 
the  balloon-jib  may  be  set  from  the  mast  head  and  boomed  out  on 
the  spionaker-boom. 

Station,  the  Oreixr. — ^Your  mate  must  be  forward  to  work  the  jib- 
sheets,  attend  to  the  head-sails  and  exercise  general  supervision. 
With  him  another  hand  should  be  stationed,  and  one  of  these  two 
should  keep  a  sharp  look-out  to  leeward. 

Place  a  hand  at  each  fore-sheet  who  will  also  attend  the  boom 
topping-lifts  when  tacking.  When  gybing  have  a  hand  at  each  pre- 
venter top-mast  back-stay,  who  can  also  attend  the  runners. 

When  beating  to  windward  send  everybody  up  under  the  'WQQ.tJ;L<^x 
bolwark. 
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If  yon  have  to  shift  sails,  be  smart  about  it  and  have  the  one  70a 
are  about  to  set  all  ready  before  taking-  in  the  other.  To  ayoid  mis- 
takes in  bending  gear,  and  to  find  the  head  of  a  sail  in  the  dark,  remem- 
ber that  the  canvas  is  sewn  on  the  right-hand  side  of  the  bolt-rope. 

Allow  no  others  to  give  orders,  preserve  silence,  and  insist  on  each 
man.remaining  at  his  post. 

If  the  wind  is  light  you  will  have  set  your  balloon  top-sail  on  the 
side  you  intend  to  take  it  in  on  when  you  get  on  a  wind. 

Down  to  ths  lee  flag -boat  you  will  carry  your  boom  on  the  star- 
board side,  then  you  must  gybe,  for  you  have  a  beam  wind  from 
there  to  the  second  mark-boat.  Therefore  the  top-sails  should  be 
hoisted  on  the  starboard  side.  Should  you  not  do  this  you  will  re- 
quire to  dip  the  tack  and  get  the  yard  to  the  other  side  of  the  mast, 
which  will  lose  valuable  time.  Get  under  way,  unstock  and  un- 
shackle the  anchor,  and  stow  it  on  the  floor  of  the  cabin.  As  the 
hour  for  Suarting  approaches,  get  your  boat  on  deck  and  stow  it 
wherever  it  is  least  ia  the  way. 

Keep  a  sharp  look-out  for  the  first  or  *'  five  minutes  "  gun,  and  as 
the  wind  is  light  keep  dead  to  windward  of  the  course.  Let  the  time- 
keeper tell  you  each  minute  after  the  first  gun,  and  during  the  last 
minute  let  him  say,  ''Half  a  minute  to  go,"*"  Twenty  seconds  to 
go,"  or  ''  Ten  seconds  to  go,"  so  that  you  may  be  prepared. 

It  is  a  good  plan  to  have  sand-glasses  made  to  run  five  minutes, 
and  so  graduated  that  the  steersman  can  see  exactly  how  much  time 
remains  bafore  the  seconl  gun  fires.  The  glasses  for  all  the  yachts 
can  be  timed  by  the  one  used  by  the  club-starter,  and  all  mistakes 
from  careless  timing  avoided. 

Have  the  spinnaker -gear  bent  and  ready  for  use,  lower  the  boom 
and  get  the  guys  fast.  Lower  the  fore-sail,  as  it  will  do  you  no 
good  before  the  winl,  and  you  have  more  room  on  deck  when  it  is 
down.  And  see  the  starting -gun  flushes  just  as  you  come  np  to  the 
line,  and  you  are  first  away  with  a  windward  berth,  so  run  your 
spinnaker  up  to  the  top-mast  head  and  out  with  it  to  the  boom-end, 
and  away  your  little  craft  bounds  with  a  cloud  of  white  canvas  from 
truck  to  deck.  As  you  get  near  the  lee  mark-boat  prepare  for  a 
gybe.  Get  the  spinnaker  in  in  good  time.  Don't  keep  too  close  to  the 
flag-boat,  as  in  gybing  your  vessel  will  make  a  sweep ;  therefore  keep 
irell  to  the  leeward  of  it,  about  three  or  four  lengths  will  do,  and  let 
Iier  come  round  gently  to  ease  \,\ift  ^^xY^xsAXtQ  ^vn^  tune  for  round- 
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,  ing  in  the  main-sheet  and  hooking  on  ranners  and  preventer-back- 
stays. If  there  is  another  yacht  close  astern,  take  care  you  do  not 
allow  yourself  to  be  jammed  so  close  to  the  mark-boat  that  your  op- 
ponent id  able  to  cut  across  your  stern  and  so  luff  up  to  windward 
of  you. 

As  soon  as  you  are  round,  run  up  your  flying-jib  and  balloon  fore- 
sail for  the  reach,  and  make  a  man  stand  by  the  sheets  and  watch 
them  carefully. 

And  now  that  you  have  made  such  a  good  start  and  have  safely 
rounded  the  first  mark-boat  ahead  of  all  opponents,  I  leave  you  to 
fight  out  the  battle,  wishing  you  perfect  exemption  from  nccideuts 
and  the  success  which  a  smart  yacht,  actively  and  judiciously 
handled,  is  certain  to  achieve. 

Ijaying  Up. 

At  the  end  of  the  season  you  will  require  to  dismantle  and  lay 
your  yacht  up  for  the  winter  months. 

Take  advantage  of  a  fine  day  to  get  all  sails  perfectly  dry  before 
unbending  them,  and  on  no  account  stow  them  away  damp,  as  mil- 
dew will  certainly  attack  them.  As  you  unbend  make  them  up 
neatly,  stopping  them  with  manilla  yams,  and  stow  them  in  a  dry, 
airy  loft,  where  they  can  be  o;.ened  out  occasionally. 

Next,  send  all  cabin  fittings  on  shore.  Unreeve  all  running-gear 
and  store  it  with  the  sails.  Send  tha  spars  on  shore  if  possible,  or, 
in  case  of  stowing  them  on  board,  store  them  clear  of  the  deck  on 
dunnage. 

If  the  yacht  is  to  remain  at  moorings  during  the  winter,  knockout 
some  of  the  mast  wedges  to  allow  the  air  to  pass,  and  put  a  canvas 
cover  around  the  mast  to  keep  the  wet  out.  Ease  up  t  e  rigging  a 
vlittle;  coat  the  mast  well,  and  give  the  deck  and  fittings  two  thick 
coatings  of  varnish  or  shellac.  Take  out  enough  ballast  to  make 
her  float  light,  and  to  allow  her  to  dry  as  much  as  possible. 

Whenever  it  can  be  done,  a  yacht  should  be  hauled  up  high  and 
dry,  in  which  case  she  can  dry  thoroughly,  and,  the  ballast  being 
out,  you  can  clean  and  whitewash  her  internally,  which  will  preserve 
the  wood.  Each  piece  of  ballast  should  be  marked  as  removed,  so 
that  it  may  be  replaced  exactly  when  restowed,  in  order  to  preserve 
her  proper  trim. 


422  RACING.  Sec.  VIL 

Should  yon  leave  yonr  yacht  afloat,  be  careful  to  bo  arrange  the 
moorings  as  to  prevent  much  alteration  of  her  position  from  swing- 
ing or  other  causes. 

A  secure  plan  is  to  lay  out  three  anchors  in  the  form  of  an  equi- 
lateral triangle,  uniting  the  chains  to  a  bridle  which  is  led  through 
the  hawse-hole  and  made  fust  to  the  bitts,  or  windlass.  But  in  case 
you  have  not  so  many  anchors  to  spare,  use  the  ordinary  working 
anchors,  placing  the  heavi^^  st  one  in  the  most  favorable  position  to 
withstand  the  effects  of  the  strongest  prevailing  winds. 

Should  your  skipper  be  employed  by  the  year,  of  course  he  can 
attend  to  the  yacht  during  the  winter;  but  if  he  is  not  retained,  an 
arrangement  must  be  made  with  some  one  to  look  after  the  vessel 
and  open  the  skylights  in  fine  weather. 

Refitting. 

If  the  yacht  has  been  haulei  up,  the  mast  and  ballast  will  prob- 
ably have  been  taken  out,  in  which  case  restep  the  mast  and  replace 
a  little  ballast  before  launching. 

But,  whether  she  has  been  hauled  up  or  left  at  moorings,  all  bal- 
last should  be  replaced  before  commencing  cleaning. 

Send  a  man  aloft  in  a  boatswain's  chair  t)  scrape  the  mast  from 
the  head  downward.  Get  all  the  spars,  blocks,  mast-hoops,  and 
cross-tree^  nicely  scraped  and  varnished.  When  the  varnish  is  hard, 
and  the  spars  in  place,  go  over  them  with  sand-paper,  andrevarnish 
twice  ;  you  will  then  get  a  beautiful  surface.  The  first  coat  serves 
to  fill  the  inequalities  of  the  surface  and  assist  the  sand-paper  in 
giving  the  polish. 

Examine  carefully  the  eyes  of  the  rigging,  and  re-serve  them  if 
necessary.  Renew  the  lanyards  in  case  they  are  not  perfectly  sound. 
Set  up  the  rigging,  replace  the  mast-wedges,  and  cover  them  with 
canvas 

Reeve  a'l  runninjr-gear,  examining  it  as  you  do  so,  and  renewing  it 
where  required.*  Get  the  cabin  fittings  on  board  and  see  everything 
ship-shape  below. 

♦  It  ia  a  good  plan  to  use  three  sizes  of  line  for  all  running-gear,  as  there  is  then 
very  little  waste,  and,  as  your  blocks  will  be  made  for  those  sizes,  there  will  bs  no 
trouble  about  gear  refusing  to  render,  or  ^^av>om%^w>i>cvft^\ni«iVaK 
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Now  give  the  decks  two  or  three  good  cleanings  with  potash  and 
hot  water  to  get  them  white  ;  scrape  the  inside  of  the  bulwarks,  rail, 
skylights,  and  all  deck  fittings,  and  varnish  them. 

Finally  bend  sails,  paint  the  a  aaht  outside,  and  get  the  boats  done 
np. 

Four-stranded  rope^  sometimes  called  "  yaM  cordage,*^  looks  neat^ 
runs  with  ease  through  Hie  blocks,  isplea^sant  to  handle,  and  is  recom- 
mended in  preference  to  three-stranded  rope. 

New  rope  should  he  weU  stretched  before  being  used  for  halliards. 

WJien  halliards  get  worn  or  chafed,  turn  them  end  for  end. 


QUZSSTIONS  AND  ANSWERS  IN  FORE-ANIl-AFT  SSA- 

BIANSHIP. 

Oatter,  Sloop,  and  Tawl  Rigs. 

(Bosser,) 

Q.  What  is  a  cntter  rig  ? 

A.  One  inast,  bowsprit  fitted  to  run  out  and  in,  and  jib  set  flying ;  the  chief  saila 
are  fore-and-aft  main-flail,  gaff  top-sail,  fore-sai],  and  jib. 

Q.  What  is  a  sloop  r^? 

A.  One  mast  and  fore-and-aft  sails  like  a  cutter,  but  a  standing  bowsprit ;  the  jib 
is  set  on  a  stay  leading  to  the  bowsprit,  she  sometimes  sets  a  flying  jib  on  a  jibboom. 

Q.  What  is  a  yawl  rig  ? 

A.  A  fore-and-aft  main-sail,  gaff  top-sail,  fore-sail  and  jib,  are  carried  as  in  a  cutter ; 
in  addition  there  is  a  small  mizzen-ma»t  stepped  in  the  stem,  upon  which  is  set  either 
a  lug  or  sprit-saU  called  the  mizzen,  the  sheet  of  which  U  led  to  the  end  of  a  horizon- 
tal spar  projecting  over  the  stem ;  the  foot  of  the  main-sail  is  shorter  to  allow  tho 
boom  to  traverse  clear  of  the  mizzen-mast. 

Q.  How  many  shrouds  on  a  side  are  usually  fitted  in  these  rigs  ? 

A.  Three  or  four  in  a  large  craft,  two  in  small  vessels. 

Q.  Any  other  gear  ? 

A.  Yes,  a  runner  and  tackle  with  pennant  on  each  abaft  the  rigging. 

Q.  To  what  portion  of  the  hull  is  the  fore-stay  secured  ? 

A.  To  the  stem-head  in  a  cutter.  In  a  sloop  the  fore-stay  generally  leads  to  tho  end 
of  the  bowsprit. 

Q.  Do  fore-and-aft  vessels  often  house  and  send  up  their  top-masts  ? 

A.  Yes,  and  for  this  purpose  a  mast-  or  heel-rope  is  kept  rove  in  readiness. 

Q.  What  precautions  are  generally  taken  to  prevent  the  mast  from  falling  when 
housed,  in  addition  to  keeping  the  mast-rope  rove  ? 

A.  The  bight  of  a  rope  (about  two  or  three  fathoms  long,  with  an  eye  spliced  in  each 
end)  is  seized  on  to  an  eye-bolt,  on  the  heel  of  the  top-mast ;  the  ends  of  the  rope  are 
seized  on  to  the  foremost  shroud  of  the  rigginpr,  one  on  each  side,  so  that  whejii  the 
mast  is  housed,  the  legs  form  an  angle  of  about  forty-five  deprccs  with  tho  heel  of  the 
top-mast.    This  is  generally  a  fixture,  sufildent  drift  being  wWonvc^X.  lox  \}ftR\Maj^\a\«k 
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hoaaed  or  sent  aloft,  without  talcing  the  seizings  off,  a  ladling  roond  the  bed  of  top* 
mant  and  lower-mast  does  jast  as  well. 

Q.  How  is  a  cutter's  top-mast  rigging  fitted  ? 

A.  It  is  cut  short  so  that  it  can  be  set  up  when  the  top-mast  is  loweied  without  pot* 
ting  a  sheepshank  in  it. 

Q.  Describe  it? 
*  A.  It  is  led  from  the  top-mast  head  through  a  noote  in  the  onter  arm  of  the  oroas- 
trees,  below  which,  and  in  the  end,  a  thimble  is  splioed.    From  this  to  the  channds  ci 
the  rigging  it  is  set  up  with  a  tackle.    Short  lengths,  called  l^s,  fitted  with  clip-hooks 
or  shackles,  are  used  to  give  the  required  length  when  the  top-mast  is  sent  al(^ 

Q.  How  is  the  bowsprit  supported  ? 

A.  By  means  of  a  bobstay  and  shrouds. 

Q.  How  are  they  fitted  ? 

A.  With  two  single  blocks,  or  a  rimner  and  tackle.  Shrouds  have  the  ta'  kle  on  the 
inner  end ;  bobstay,  the  tackle  on  the  other  end,  with  a  line  on  the  bight  to  trice  it  up 
with  when  required.  The  standing  part  of  the  bobstay  is  generally  chidn,  that  of  the 
shrouds  wire- rope. 

Q.  How  would  you  reef  a  cutter's  bowsprit  ? 

A.  Slack  up  all  the  gear.  Reeve  a  heel-rope  and  heave  taut  upon  it,  and  take  ont 
the  fid.  Sltick  the  bowsprit  into  the  second  or  third  fid-hole,  as  required,  ship  the 
fid,  and  then  set  up  the  gear.  . 

Q.  What  are  whiskers  ? 

A.  Two  iron  rods  placed  on  each  side  of  the  stem  to  extend  the  spread  of  the  bow- 
sprit shrouds  in  sharp-bowed  vessels.  • 

Q.  How  are  the  topping-lifts  fitted  ? 

A.  Single  or  double  from  the  mast-head  to  the  boom-end  (in  small  vessels). 

Q.  Describe  them. 

A.  The  standing  part  is  hooked  on  to  the  boom  and  led  throngh  a  block  on  the  cap 
at  the  mast-head,  from  thence  on  deck,  and  there  set  up  with  a  runner  and  tackle. 
Double  ones  are  fitted  with  the  standing  part  on  the  cap,  and  led  thence  throngh  a 
single  block  at  the  boom-end  and  back  to  a  block  at  the  cap,  thence  to  the  deck.  In 
large  cutters  a  single  ono  is  fitted  on  each  side  of  the  boom,  and  rove  through  a  block 
under  the  eyes  of  the  rigging.  The  lee  ono  is  overhauled  slack,  or  unhooked,  to  keep 
the  chafe  off  the  sail  when  set. 

Q.  How  are  the  pcnk-halliards  rove  ? 

A.  Through  two  blocks  on  the  gaff,  and  three  at  the  mast-head.  The  standing 
part  has  a  tackle  on  it  with  about  three  to  four  fathoms  drift  between  the  blocks 
when  overhauled,  which  tackle  is  booked  on  to  an  eye-bolt  abaft  the  rigging  and 
called  the  peak-purchase.  The  hauling  part  is  led  from  the  lower  block  at  the  mast- 
head to  the  deck, 

Q.  How  is  the  peak -line  rove,  and  what  is  it  used  for  ? 

A.  As  a  single  whip  through  a  small  block  at  the  gaff-end.  Used  for  hoisting  the 
ensign  or  signals,  and  for  hauling  the  gaff  down. 

Q.  How  is  the  luff  of  the  mainsail  bent? 

A.  Bent  on  to  hoops  round  the  mast,  or  with  hanks  from  the  throat  down  to  the 
third  reef,  from  thence  there  is  sometimes  a  lacing. 

Q.  Why? 

A.  To  trice  the  tack  up,  or  take  the  reefs  in  with  greater  facility,  by  slacking  up 
the  lacing  or  unreeving  it. 

Q.  How  are  the  reef-pennants  of  the  main -sail  fitted  ? 
A.   With  A  wall- knot  or  Matthew  WaVket  on  owe  ewd. 


Sec.  Vn.  FORE-AND-AFT  SEAMANSHIP.  425 

Q.  How  are  they  rore? 

A.  From  down  np  through  the  cleat  on  one  side  of  the  hoom,  through  the  oorre- 
spending  reef -cringle  on  the  after -part  of  the  sail,  and  down  throagh  the  sheave  on  the 
other  Hide  of  the  boom. 

Q.  Kow  is  the  fore-sail  fitted  ? 

A.  With  hanks  on  (or  by  a  lacing  to)  the  fore-fttay.  The  halliards  have  two  single 
blocks  with  clip-hooks  for  hooking  into  the  thimble  in  the  head  of  the  saiL  The  sheet 
sometimeR  travels  <m  an  iron  rod  or  horse  acrosn  the  deck.  A  bowline  bridle  on  the 
after  leech,  with  a  line  to  the  fore-mast  shroud  is  used  to  keep  the  sail  to  windward 
when  necessary. 

Q.  How  are  the  jib-halliards  rove  7 

A.  Through  two  single  blocks  with  a  purchase  on  the  standing  part,  same  as  the  peak- 
halliards. 

Q.  How  would  you  set  a  jib  f 

A.  Hook  on  the  halliards  to  the  head  of  the  sail,  the  tack  to  the  traveller,  shackle  on 
and  belay  the  sheets  slac^,  then  haul  the  tack  chock  out,  hoist  away  on  the  halliards, 
and  haul  aft  the  shi^et. 

Q.  How  is  the  gaff  top-sail  sheet  rove  ? 

A.  From  the  deck  through  a  block  under  the  jaws  of  the  gaff,  from  thence  through 
a  sheave  or  a  block  at  the  gaff-end. 

Q.  How  would  yon  take  a  gaff  top-sail  in  7 

A.  Lower  the  halliards,  and  haul  cm  the  down-haul,  until  the  head  of  the  sail  is 
down  to  the  cap  of  the  mast-head,  hold  on  the  halliards,  let  go  the  sheet,  and  crip  up. 
When  the  sail  is  clewed  up.  let  go  the  halliard.",  and  haul  it  down  by  the  tick  and 
down-haul .  Always  take  it  in  to  leeward  of  the  main-sail  if  possible,  because  there  is 
less  chance  of  its  jambing.  . 

Q.  How  is  the  gaff  top  sail  down- haul  fitted  ? 

A.  The  standiug  part  on  the  clew  of  the  Bail,  and  through  a  single  block  on  the  head 
of  the  sail  (if  it  is  jib-headed) ;  if  set  with  a  yard  oa  the  head,  the  block  is  on  the 
inner  yard-arm. 

Q.  How  would  yon  set  a  square-sail  ? 

A.  Lower  the  fore-sail  down,  hoist  up  and  square  the  yard,  bend  on  the  yard-arm 
whips  to  the  earings,  and  the  fore-sail  halliards  to  the  middle  of  the  head  of  the  sail, 
hitch  the  lizard  on  the  jumper  to  the  mid-ship  halliards,  hoist  up  nnd  trim.  A  down- 
haul  is  bent  on  to  each  halliard.  In  modern  yachts  the  sail  is  sometimes  bent  to  ^he 
yard,  which  is  hoisted  by  the  fore-halliard,  lifts  being  dispensed  with. 

Q.  How  would  you  take  it  in  ? 

A.  Keep  the  tack  and  sheet  fast.  Slack  off  and  haul  down  outer  halliards  as  low  as 
possible.  Then  let  go  midship-halliards,  haul  on  the  down-hauls,  and  gather  in  the 
sail  to  leeward  of  the  main-sail. 

Q.  How  would  yon  reef  a  main-sail  ? 
.  I  A.  Lower  throat-  and  peak-halliards  sufficiently  to  take  in  the  reef  require<l,  hook  on 
/Veef-tackle  to  reet-pennant,  and  bowse  the  reef -cringle  down  c  n  to  the  boom,  pass  the 
tack-earing,  tie  the  reef-points,  and  reset  the  sail,  hoisting  throat  taut  up  before  the 
peak. 

Q.  How  would  you  take  in  the  balance-reef,  the  third  nnd  fourth  reef  being  in  ? 

A.  Ease  the  peak,  sufficiently  to  allow  the  jaws  of  the  gaff  to  come  close  down ; 
when  closed  down  past  throat^caring,  and-  hook  on  tack-tackle,  reeve  the  points,  tie 
them  and  set  np  the  peak-halliards. 

Q.  Suppose  your  main-sail  has  no  balance-reef  ? 
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A.  Then  lower  the  jaws  of  the  gaff  as  aforesaid  and  lash  the  leech  of  the  sail  round 
tho  boom. 

Q.  What  is  scandalizing  the  main-sail  ? 

A.  Tricing  the  tack  up,  and  lowering  or  dropping  the  peak. 

Q.  Where  does  the  boom-gay  lead  to  when  running  before  the  wind  f 

A.  Outside  the  rigging,  and  in  board,  to  the  fore  parted  the  bowsprit-bitts. 

Q.  What  is  a  jib  top-sail,  and  how  is  it  set? 

A.  A  light  sail  set  from  the  bowsprit  end  to  the  top-mast  head.  Sometimes  it  is 
bent  on  hanks  to  the  top-mast  st^y. 

Q.  What  is  a  balloon-jib  ? 

A.  A  large  jib  of  light  make,  used  only  in  light  winds  for  going  free ;  it  extends 
from  the  bowsprit  end  to  the  main  rigging. 

Q.  ^Vhat  is  a  spitfire-jib  ? 

A.  A  very  small  jib  of  No.  1  canvan,  for  stormy  weather. 

Q.  How  would  you  shift  jibs  in  a  gale  of  wind  ? 

A.  Gtot  the  sail  up  from  below,  lay  it  along  the  weather  side,  of  the  fixre-deck  with  the 
head  aft.  Then  haul  the  fore-sheet  to  windward,  round  in  on  the  main-«heet,  trioe  np 
the  tack  and  becket  the  helm.  Let  go  the  jib  outrhanl,  sing  out  to  stand  by  I  and  the 
sail  will  fly  in  along  the  bowsprit^  muzzle  it,  let  go  the  halliards,  and  haul  down. 
Bend  on  the  sheets  to  the  spitfire-jib,  hook  the  tack  on  the  trav^er,  and  the  halliards 
to  the  head,  pass  a  couple  of  rope-yarns  round  the  bead  of  the  sail.  Hani  out  the 
traveller  to  its  proper  place ;  belay  the  out-hanl,  make  fast  both  sheets  slack,  hoist 
up,  let  draw  fore-sheet  and  trim  aft  your  jib-8he«t. 

Q.  What  canvas  would  you  reach  under,  in  a  gale,  with  a  heavy  sea  ? 

A.  Trysail,  double-reefed  fore-sail,  and  storm-]  ib. 

Q.  *What  canvas  would  you  heave  to  with^^  heavy  gele  and  sea? 

A.  Try-sail  and  storm-jib,  top-mast  on  deck. 

Q.  How  would  you  get  under  way  ? 

A.  Heave  short,  loose  sails,  hoist  the  main-sail,  trice  the  tack  up,  and  overhaul  the 
main-aheet.  Heave  the  anchor  np.  when  off  the  ground  run  the  fore-sail  up,  with  sheet 
to  windward,  holm  down,  boom  well  in  ;  as  soon  as  the  anchor  is  up,  let  draw  fore- 
sheet,  shift  the  helm,  haul  in  the  main-sheet,  set  the  jib,  and  down-tack  of  the  main- 
sail. 

Q.  How  would  you  tack? 

A.  Ease  down  helm  :  as  soon  as  she  comes  head  to  wind  slack  off  jib-sheet.  As  soon 
as  the  jib  fills  on  the  other  tack,  let  draw  the  fore-sheet  and  haul  aft  jib-sheet,  and 
trim  sail. 

Q.  How  would  you  wear  round  ? 

A.  Up  with  the  helm,  trice  up  the  tack,  and  ease  down  the  peak  and  throat.  Wh«i 
before  the  wind,  shift  over  the  main-boom,  get  the  head-sheets  over,  and  as  she  rounds 
to,  down  tack  of  main-sail. 

Q.  You  are  running  before  the  wind,  and  wish  to  gybe,  what  precautions  should  yon 
take? 

A.  Gybing  in  a  fore-and-aft  vessel  requires  great  care,  otherwise  it  is  dangerona ;  < 
the  chances  are  that  the  main-boom  may  be  sprung,  or  the  sail  split,  when  the  boom 
is  brought  up  with  a  jerk,  after  going  over.  In  a  light  breeze  and  smooth  water  it 
may  be  done  with  a  whole  main-Rail  set,  but  in  a  strong  breeze  in  a  sea-way  it  requires 
preijaration  and  care.  The  first  thing  is  to  reduce  the  power  of  the  main-sail ;  this  is 
reaflily  done  by  tricing  up  the  tack  of  the  main-pail,  first  topping  the  boom  well  up, 
and  easing  down  the  peak  and  throat ;  quarter  the  wind  (if  running  with  it  aft)  and 
haul  in  the  n2ain-sheet,  unhook  the  gu^  beloxe  vvvVVmv^  the  helm  up,  and  gather  iu 
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quickly  as  mnch  of  the  sheet  as  possible,  while  the  vessel  is  paying  off  and  the  boom  is 
going  over.  When  yon  have  bronght  the  wind  on  the  other  quarter,  hook  on  your 
guy,  slack  off  the  main  sheet,  trim  and  make  sail. 

Q.  Suppose  your  mast-head  broke  off  just  above  the  eyes  of  the  rigging,  and  carried 
away  your  peak-halliards  and  its  blocks,  how  would  yon  set  your  main-sail  7 

A.  With  three  reefs,  and  hoist  the  peak  of  the  gaff  with  the  lee-boom  topping-lift, 
or  unbend  the  sail  from  the  gaff,  take  an  Irishman's  reef  in  (that  is,  tie  up)  h^ud  of  the 
sail,  and  hoist  up  wifh  the  throat-halIiardt>. 

Q.  Your  bowsprit  is  curried  away  near  the  gammon-iron  ? 

A.  Luff-up  and  heave-to  by  putting  down  the  helm,  and  haitl  fore-sheet  to  windward. 
Trice  up  the  tack  of  the  main-sail,  top  the  boom  well  up,  and  haul  in  the  muin-sheet ; 
parbuckle  bowsprit  alongside  to  leeward,  that  is,  get  a  rope  round  each  end  of  the 
broken  spar,  with  one  part  made  fast  in-board,  and  hauling  on  them  roll  the  spar  in- 
board ;  secure  the  jib  and  gear,  take  the  shrond-'ron  off  the  end,  unroeve  the  inner 
stomp  of  the  bowsprit  from  the  bitts.  Reeve  the  long  or  outer  end  of  the  bowsprit 
through  the  bitts  and  gammon-iron,  put  on  the  traveller  and  shroud-iron,  sheepshank 
shrouds  and  bobstay,  run  out  the  bowsprit,  lash  the  heel  to  the  bitts,  keeping  the 
sheave  in  the  outer  end  fair  up  aiid  down.  Set  up  shrouds,  bobstay  and  top-mast  stay. 
Set  a  small  jib,  put  the  helm  up,  trim  and  make  sail. 

Q.  Fore-sail  ourried  away.    What  would  yon  do  ? 

A.  Put  the  helm  down.  Trice  up  the  tack  and  ease  down  throat-  and  peak-hallinrds ; 
down  foresail,  hook  the  halliards  on  to  the  stem-head,  haul  them  taut :  send  a  hand 
aloft  to  place  a  strap  round  the  mast-head  juRt  over  the  collar  of  the  forestny,  hook  on 
a  good  double  block,  and  reeve  luff-tackle  of  sufficient  length  to  reach  to  the  stem- 
head  ;  hook  on,  sway  away  until  the  strain  is  taken  off  the  fore-halliard,  belay  securely, 
and  jog  on  to  the  nearest  port. 

Q.  Your  bowsprit-shroud  is  carried  away.    What  would  you  do  ? 

A.  In  a  strong  breeze  put  the  helm  down  nnd  keep  her  easy  to  the  wind.  Ea^e  in 
the  jib  half  way,  hoist  it  well  up,  and  trim  the  sheet  afer  securing  the  shroud  with  a 
shroud-knot,  if  rope ;  if  chain,  reef  knot  it,  etop  the  ends,  set  up  the  gear,  trim  and 
make  sail. 

Q.  How  would  you  anchor  on  a  wind  ? 

A.  Trice  up  the  tack  of  the  main-sail,  take  in  the  jib,  slack  and  trice  up  the  bobstay, 
put  the  helm  down,  when  she  comcfl  up  head  to  wind  meet  her  with  the  helm,  let  the 
fore-sail  run  down,  keep  her  head  to  wind  until  she  loses  headway,  then  let  go  the 
anchor,  and  pay  out  chain.  When  she  is  brought  up,  lower  the  main -sail,  and  furl 
soil. 

Q.  How  would  you  anchor  when  running  ? 

A.  Haul  the  head-sails  down,  slack  and  trice  up  bobstay,  trice  up  the  tack  of  the 
main-sail  and  drop  throat  and  peak,  put  the  helm  down,  liaul  in  the  main-sheet  amid- 
shipa;  when  she  comes  head  to  wind,  keep  her  so  with  the  helm  until  she  loses 
he^way.    Let  go  the  anchor,  pay  out  chain,  lower  the  main-Rail,  and  furl  sail. 

Q.  You  are  on  a  wind  ;  heave  to  so  as  to  allow  a  boat  to  come  up  alongside— smooth 
water,  light  winds. 

A.  Trice  tack  of  main-sail  up,  haul  in  main-sheet  and  lay  both  jib  and  fore-sheet 
a-weather. 

Q.  Suppose  you  were  in  a  strong  breeze  ? 

A.  Ease  Off  jib-sheet,  haul  fore-sheet  a-weather,  and  stand  by  with  a  line  for  the 
boat. 

Q.  You  are  close-hauled  on  port  tack,  and  a  man  falls  overV^oaxd^  v«Vv«l\.  ^o  -^^skv  ^^^ 

A.  Throw  the  yacbt  in  the  wind ;  throw  overboard  a  Ute-buo^,  ^gni&xv^^  «»x%^  ^x 
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Anything  that  is  at  hand.  By  this  time  the  yacht  will  be  on  the  other  tack,  and  stand' 
ing  toward  the  man. 

Q.  You  are  ninning  in  a  ntrong  brecsse,  when  a  man  falls  overboard  ? 

A.  Hani  in  main-sheet,  np  main-tack,  round-to,  and  get  the  boat  in  the  water. 

Q.  You  spoke  jupt  now  of  a  shroud-knot.    How  is  it  made? 

A.  It  Is  generally  used  to  repair  a  broken  or  stranded  shroud,  and  is  made  by  taking; 
the  two  severed  ends  unlaying  them  the  same  as  for  a  short  splice.  Place  them 
together  closely,  take  the  outside  strand  of  the  lower  part,  and  paaa  it  round  the  upper 
part  in  a  loop ;  take  the  next  lower  strand,  {Mies  it  under  and  up  through  the  bight  of 
the  firRt-named  strand ;  tnen  take  the  end  of  the  next  lower  stxand,  pass  it  round  the 
end  of  the  first  strand,  outside  of  the  second  strand,  and  up  through  the  bight  of  the 
first  strand,  draw  tLand-taut,  and  do  the  same  with  the  other  part.  Draw  the  strands 
taut  as  possible,  marl  and  serve  the  ends  of  the  strands  on  each  idde,  and  set  up  yoor 
shroud  again. 

Q.  Do  the  above  manoeuvres  apply  to  a  yawl  as  well  as  a  cutter  ? 

A.  Yes,  with  two  or  three  exceptions.  For  instance,  in  a  yawl,  when  gybing  or 
going  about,  the  mizzen-stays  (when  carried)  have  to  be  attooded  to;  lee  one 
slacked  off ;  and  weather  one  hauled  taut  whilst  in  stays.  The  mizzen-sheet  worin 
itself,  except  when  requiring  to  be  eased  off  or  hauled  in.  In  the  yawl,  the  mizzen 
will  be  foond  of  great  service  in  keeping  the  vessePs  head  to  the  sea  .whilst  getting 
the  storm  try-sail  on  her ;  also  a  yawl  can  be  got  under  way  with  her  mizzen  and  jib 
alone. 

Schooner-Rig. 

Q.  What  is  a  fore-and-aft  schooner-rig  ? 

A.  That  of  a  schooner  without  a  square  top-?all,  in  place  of  which  she  sets  a  fore 
gaff  top-sail. 

Q.  What  is  a  top-sail  schooner-rig  ? 

A.  A  fore-and-aft  main-nail  and  gaff  top-sail  upon  the  main-masb ;  gaff  fore-sail  and 
stay-sail  set  on  the  fore-stay  and  one  or  two  jibs,  square  top-sail  and  top-galiant  sail  on 
the  foremast,  and  with  a  standing  bowsprit. 

Q.  Where  is  the  fore-stay  n&iially  set  up  ? 

A.  Generally  to  a  bull's-eye  in  an  iron  band  on  the  bowsprit,  just  inside  or  outride 
the  stem,  unless  the  vessel  has  a  running  bowsprit,  when  it  is  fitted  to  the  stem-head. 

Q.  How  is  the  main-mast  stayed  ? 

A.  With  a  triatic-stay.     That  is,  a  stout  stay  from  one  lower  mast-head  to  the  other. 

Q.  Are  any  other  stays  used  for  this  mast? 

A.  Yes,  in  large  schooners  a  double  stay,  set  up  with  a  runner  and  tackle  to  eye* 
bolts  near  the  water-ways,  one  on  each  side,  about  the  after  part  of  the  fore-rigging. 
In  harbor,  both  are  set  up.  When  under  way,  the  lee  one  is  let  go,  to  bo  dear  of 
the  fore-sail. 

Q.  How  are  the  peak-halliards  of  the  main-sail  rove  ? 

A.  Through  three  single  blocks  on  the  mast-head,  two  on  the  gaff.  The  hauling 
part  on  one  side  on  deck,  and  the  standing  part  on  the  other,  the  latter  being  fitted 
with  a  gun-tackle  purchase. 

Q.  How  are  they  uaei  when  setting  the  main-sail  ? 

A.  Hoisted  taut  with  the  hauling,  and  then  set  up  with  the  standing  part. 

Q.  How  is  the  outer  end,  or  clew  of  main-sail,  secure<l  ? 

A.  Generally  shackled  on  to  a  traveller,  with  about  three  feet  drift  to  slack  np 
trhen  the  mil  shrinks  with  wet. 


SBC.  VIL  FORE-AND-AFT   SEAMANSHIP.  429 

Q.  How  are  the  tack  taridng-IJnes  fitted  ? 

A.  With  a  gun-tackle  purchase ;  a  single  block  on  the  tack  of  the  sail,  and  one 
nademeath  the  jaws  of  the  gafC ;  from  th^  the  hauling  part  leads  on  deck. 

Q.  How  are  boom  topping-lifts  usually  fitted  ? 

A.  In  small  vessels  from  the  boom-end  to  the  main-mast  head  leading  on  deck. 
Single  block  on  boom  end,  the  standing  part  and  single  block  at  mast-head.  In  large 
Tessela  they  are  fitted  one  on  each  side :  they  are  hooked  on  to  the  main-boom,  half 
way  between  the  sheet-block  and  the  reef-chocks.  They  then  lead  through  blocks  on 
the  cheek  of  the  mast  on  to  the  deck,  where  they  are  set  up  with  a  runner  and 
tackle. 

Q.  Where  is  the  reef -tackle  of  the  main-sail  usually  kept  ? 

A.  It  is  hooked  on  to  eye-bolts  under  the  main-boom. 

Q.  How  are  the  reef-pennants  fitted  ? 

A.  One  end  is  a  Matthew  Walker,  or  double  wall-knot,  and  it  is  then  rove  through 
an  eye-bolt  or  bee-block  on  one  side  of  the  boom,  then  through  the  cringle  on  the 
after  leech  of  the  sail,  and  down  through  a  chock  or  bee-block  on  the  other  side  of  the 
boom.     This  end  is  meide  fast  to  the  tackle  when  reefing. 

Q.  Where  is  the  storm  try-sail  gaff  usually  carried  ? 

A.  On  the  top  of  the  main-boom,  in  chocks  or  beds  in  large  vessels. 

Q.  Proceed  to  get  under  way,  and  cast  to  ptarboard. 

A.  Heave  short.  Set  fore-sail  and  main-sail,  taking  care  to  lead  the  gaff  between 
the  topping-lifts.  Trice  the  tacks  up.  Loose  the  head-sails,  and  then  heave  up  the 
anchor.  When  the  anchor  is  off  the  ground,  run  the  jib  up  (starboard  the  helm). 
When  the  anchor  is  up,  cast  loose  your  square  tup-sail,  if  yon  have  one ;  down  tncks 
and  make  sail,  shifting  the  helm  as  soon  as  the  top-sail  is  filled. 

Q.  How  would  yon  put  the  vessel  about,  or  tack  ? 

A.  See  the  ropes  clear  fore  and  aft.  Main-stays  (when  fitted)  clear :  the  lee  one 
ready  for  setting  up  when  she  comes  head  to  wind,  and  the  other  for  letting  go.  Put 
the  helm  down,  haul  in  the  main-sheet,  ease  off  ^ib-shcet.  When  head  to  wind,  haul 
over  head-sheets,  keeping  the  fore  stay-sail  to  windward,  to  help  to  box  off.  As  soon 
as  she  is  suflBciently  off  to  fill  the  square  top-sail,  let  draw  the  fore  stay-sail,  and  trim 
Kills.     Shift  gaff  top-sail  tack  and  main-tack  tackle  over  to  windward. 

Q.  How  would  you  wear  the  vessel  round  ? 

A.  Trip  up  or  haul  down  the  gaff  top-sail,  haul  up  the  tack  of  the  main-sail.  Ease 
up  the  peak  and  throat-halliards  if  needful,  ease  off  the  main-sheet,  and  put  the  helm 
up.  As  she  pays  off,  round  in  the  weather-braces,  and  haul  in  the  slack  of  main-sheet. 
A^  she  comes  round,  shift  the  main-boom  over,  brace  up  the  yards,  hoist  the  peak  of 
main-sail,  down  main-tack,  trim  sails,  and  set  gaff  top-sail. 

Q.  Suppose  your  weather-boom  topping-lift  broke  while  you  were  close-hauled,  what 
would  you  do  ? 

A.  Haul  taut  the  lee  one  until  the  other  was  spliced. 

Q.  Suppose  the  lee  one  was  unhooked  to  prevent  chafe  ? 

A.  In  that  case  I  would  ease  off  the  gaff  top-sail  sheet,  also  the  throat  and  peak-hal- 
liards ;  to  lower  the  boom  on  to  the  rail,  secure  it  there  till  the  lee  one  was  shifted  over 
to  windward,  hook  it  on,  and  trim  main-saiL  Splice  the  broken  one,  and  send  it 
aloft  for  a  lee  one. 

Q.  Being  on  a  wind,  proceed  to  trim  sail  so  as  to  keep  the  wind  nearly  dead  aft,  say 
about  a  point  on  the  quarter. 

A  Hook  on  the  gu3'-pennant  to  the  main-boom,  and  pass  it  outside  of  the  lee  main- 
rigging,  bring  the  end  inboard  to  the  lee-waist,  hook  on  the  guy-tackle  ftoixv  lAvvi.  •'^ivw*.- 
laas-bitts ;  trice  up  the  tsck  ot  the  main-sail ;  put  the  he\m  uy>,  cYvecY.  \Xv^  >}\)x^<e>^^s^k»Rk 
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off  main-sheet,  and  take  in  the  alack  of  boom  gny-tockle;  haul  flying-jib  down,  and 
cam  away  fore-wil  and  fore  gtay-ndl  sheeta. 

Q.  How  wonld  you  Bet  the  Hqaare-aail  ? 

A.  Hook  on  the  yard-whipa  to  the  head-oringlea,  and  the  fore  stay-sail  halliards  to 
the  middle  of  the  head ;  hoist  up  and  trim,  having  a  down-haul  to  each  halHard. 

Q.  Describe  how  yard-arm  whips  are  fitted. 

A.  The  standing  part  of  whip  and  a  single  block  on  th^  yard-arm.  a  hook-block  on 
the  sail.  The  whip  leads  from  the  yard-arm  to  a  block  on  the  yard-truss,  or  to  the 
lower  mast-head.    From  thonoe  on  deck. 

Q.  How  wonld  you  tike  in  the  square  -saU,  supposing  it  was  blowing  a  strong  and 
increasing  breeze  ? 

A.  Slack aw.iy  the  yard-nrm  whip;*,  hauling  in  on  tho  down-haul;  when  they  are 
down  as  low  as  possible,  Rla<;k  away  the  midship-halliards^  and  gather  in  the  sail 
(Tack  and  sheet  to  be  kept  fast  till  the  sail  is  down.) 

Q.  What  is  to  prevent  the  head  of  the  sail  blowing  away  from  you  when  you  let  go 
the  midHhip-halliard  ? 

A.  The  lizard,  which  is  bent  on  to  the  middle  of  the  head  of  sail  before  hoisting  it 
up. 

Q.  Describe  this. 

A.  A  thimble  with  a  rope-tail ;  this  travels  on  the  top-sail  sheet  in  light  winds,  or  on 
a  wire-rope  jumper  from  the  mast-head  to  the  deck.  A  down-haul  is  usually  bent  on 
to  it. 

Q.  How  would  you  reef  the  square  top-sail  ? 

A.  Lower  the  yard  down.  Trim  with  the  braces  to  keep  the  sail  on  the  lift.  Haul 
out  reef-tAckles,  haul  taut  bunt-lines  and  clew-lines.     Send  men  aloft  to  reef. 

Q.  With  a  reef  in  and  the  sail  set,  how  would  yon  shake  it  out  ? 

A.  Lower  the  yard  down,  haul  the  braces  taut,  haul  out  the  reef -tackles,  let  go  the 
reef-points,  ease  off  thecarings ;  overhaul  the  gear,  especially  your  reef-tackles.  Before 
coming  down  from  aloft,  hoist  the  yard  up,  and  trim  with  the  braces. 

Q.  How  would  you  reef  the  main-sail  ? 

A.  Haul  the  boom  well  in,  hook  the  tackle  on  to  the  reef -pennant.  Lower  the  throat 
and  peak-halliards  sufficiently  to  take  in  the  roef,  haul  on  the  reef-tackle  till  the 
cringle  on  the  after-leech  of  the  sail  is  down  on  the  boom.  Pass  the  tack-earing.  Tie 
the  reef -points.  Hoi»t  up  throat  and  peak,  and  trim  sail.  Take  in  the  slack  of  the 
vangs  (if  any)  and  peak-line. 

Q.  You  are  running  with  the  wind  on  the  port-quarter,  moderate  wind,  smootii 
water.  The  man  at  the  helm  lets  her  run  off  so  as  to  bring  the  wind  on  the  starboard 
quarter  ;  what  would  you  do  ? 

A.  Hard-a-starboard  the  helm,  ease  down  the  throat  and  peak-halliards,  and  trice 
the  tack  of  the  main-sail  up.  When  she  has  come  back,  hoist  up  the  peak  and  down 
with  the  tack. 

Q.  Suppose  this  happened  in  a  strong  breeze,  what  danger  would  you  apprehend 
supposing  your  guy-pennant  had  broken  ? 

A.  That  the  bight  of  the  boom-sheet,  as  the  boom  was  going  over  might  sweep 
everything  off  the  deck  that  it  came  in  contact  with.  The  sudden  jerk  also  might 
spring  the  boom,  carry  away  the  main-sheet,  or  split  the  sail. 

Q.  What  is  meant  by  the  term  goose-wing  ? 

A.  Running  with  the  gaff  fore-sail  guyed  out  on  one  side,  and  the  main-sail  on  the 
other. 

Q.  Where  do  the  guys  lead  ? 

A  Maia  one  between  the  fore  and  mavn-xve^%  \a  \.\v^  ^wvodlAfia-bitts,  and  the  fore 
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one  thxongh  a  block  on  the  bovreprit-end.    Sometimes  the  fore-guy  is  led  to  tho  cat- 
heads. 

Q.  Sappofle  you  were  running  in  a  gale  with  the  wind  dead  nft,  what  canvas  would 
you  carry  7 

A.  C51oae-Teefed  eiquare-topsail ;  having  the  storm  try -sail  and  fore  stay-sail  reefed 
and  r<»dy  for  setting  when  required. 

Q.  Your  top-sail  blows  away,  and  the  vess^  will  not  keep  ahead  of  the  sea.  What 
would  you  do? 

A.  Down  helm  and  heave -to  under  the  storm  try-sail  and  storm  fore  stay-sail  \eith 
8heet-a-weatber. 

Q.  On  what  occasion  would  you  set  your  storm  try-sail  in  preference  to  a  close-reefed 
main-sail? 

A.  When  it  was  likely  that  I  should  be  compelled  to  heave-to,  or  when  the  sea  was 
getting  heavy. 

Q.  Why  in  the  latter  case  ? 

A.  To  take  the  weight  of  the  main-boom  off  the  vessel.  I  would  secure  main-boom 
in  the  crutch  or  on  the  rail  before  setting  the  Ftorm  try -sail. 

Q.  Describe  a  storm  tiy-sail. 

A.  It  is  made  of  No.  1  canvas,  either  with  a  jib-head,  or  with  three  cloths  in  the 
head ;  if  the  latter,  it  is  bent  on  to  a  short  gaff,  and  hoisted  up  as  far  as  the  throat- 
halhards  of  the  main-gaff  will  take  it.  The  clew  is  hauled  aft  by  a  luff-tackle  on  deck. 
The  luff  of  the  sail  is  either  laced  round  the  mast,  or  fitted  with  rope-beckets,  on 
which  travelling-trucks  are  rove. 

Q.  Why  is  it  made  to  hoist  so  high  ? 

A.  To  catch  the  wind  in  a  heavy  sea. 

Q.  How  would  you  gybe  it  if  you  were  taken  aback  ? 

A.  By  the  weather- tackle,  which  is  hooked  on  over  the  main-boom  and  gaff.  The 
peak-balUards  of  the  latter,  and  the  topping-lifts  of  the  former  being  unhooked  and 
taken  into  the  mast,  to  be  ont  of  the  way  of  the  storm  try-sail. 

Q.  Yon  are  in  a  gale,  no  storm  try-sail  on  board.  What  canvas  would  you  heave-to 
under? 

A.  A  balance-reefed  main-sail,  or  a  jib  abaft  the  mast. 

Q.  Describe  a  balance-reef. 

A.  It  is  used  after  the  third  or  close-reef  has  been  taken  in.  The  eyelet-holes  for 
the  reef-points  extend  from  the  close-reef  cringle  on  the  after-leech  np  to  the  throat- 
earing  in  small  vessels,  bnt  in  large  vessels  from  the  cringle  in  the  after-leech  to  about 
two  or  three  feet  below  the  throat-earing,  and  on  to  the  luff  of  the  sail,  where  a  cringle 
is  worked  in  to  hook  on  the  tack-tackle. 

Q.  How  would  yon  take  in  a  balance-reef,  close-reef  being  in  ? 

A.  Ease  the  pesJc-halliards  to  take  the  strain  off  the  after  leech ;  lower  the  jaws  of 
the  gaff  down  by  the  throat-halliards.  Hook  on  the  tack-tackle  to  the  cringle  on  the 
luff  of  the  sail ;  reeve  the  points,  tie  them ;  set  np  throat-  and  peak-halliards ;  shorten 
yangaif  any,  and  peak-line. 

Q.  under  sail  on  a  wind  with  a  jump  of  a  sea,  what  precautions  would  you  take  to 
prevent  the  main-boom  from  jerking  up  and  down  ? 

A.  A  guy  f<Mr  this  purpose  is  usually  put  on  the  boom,  just  inside  of  the  main-sheet, 
and  led  to  the  main-riaEfing.    It  is  usually  called  a  lazy-guy. 

Q.  Describe  it,  and  how  it  is  put  on. 

A.  A  stout  rope  (about  three  fathoms)  with  a  thimble  in  one  end  ;  this  in  clove- 
hitdied  round  the  borai,  leaving  the  thimble  about  a  foot  below  the  boom.    The  bight 
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of  the  rope  ia  then  pnt  ander  a  deat  or  chock,  and  the  end  rove  through  the  thimble 
and  belayed.    It  can  be  let  go  and  cleared  in  a  moment. 

Q.  Yon  lose  yonr  Itowsprit ;  it  breaks  off  ontside  of  ganunoulng ;  you  are  on  a  wind, 
what  would  you  do  ? 

A.  Shorten  sail,  clear  away  the  wreck,  and  secnre  the  head-stays  to  the  stnmpof  the 
bowsprit. 

Q.  Yon  are  running  in  the  Atlantic  to  the  eastward,  under  a  three-reefed  nudn-eai], 
close-reefed  fore  stay-sail,  and  double-reefed  fore-sail.  The  wind  at  southwest,  with 
heavy  sew.  and  rain.  Your  fore-mast  carries  away  about  tix  feet  above  the  deck,  taking 
the  fore  Ktay-sail  and  fore-sail  with  it.  The  triatic-stay  had  broken  the  head  of  the 
main -mast  off  above  the  eyes  of  the  rigfring  when  the  fore-mast  fell,  and  also  broke  the 
)H.>ak-halliards  of  the  main-sail,  which  caused  the  peak  of  the  main-g^ff  to  drop.  Whst 
would  you  do  ? 

A.  Port  the  helm,  round-to  on  the  starboard  tack,  and  clear  away  the  wreck. 

Q.  Why  on  the  starboard  tack  ? 

A.  Because  it  would  prevent  gybing,  and  as  the  wind  might  draw  round  to  west- 
ward, the  vessel  would  come  up  and  head  the  sea. 

Q.  What  would  you  do  next  ? 

A.  Balance-reef  the  main-sail,  and  lie  to  till  the  weather  moderated,  attending  to 
the  pumps  during  the  interval. 

Q.  How  would  you  hoist  the  peak  of  your  main-gafE  with  a  balance  reef  in,  the 
mast-bead  and  peak-halliards  having  carried  away  above  the  rigging  ? 

A.  HoiRt  the  peak  of  the  gaff  up  with  the  lee-boom  topping-lift ;  or  unbend  the  sail 
from  the  gaff,  take  an  Irish  reef  in  it,  and  hoist  it  by  the  throat-halliards. 

Q.  The  foremast  being  gone,  she  will  not  lie  to  with  a  balance-reefed  main  saiL 
What  would  you  do  ? 

A.  Lower  it  down,  and  try  her  under  a  small  jib  abaft  the  mast. 

Q.  What  would  you  do  when  it  moderated  ? 

A.  Take  the  main-boom  and  rig  it  for  a  fore-mast,  and  after  it  was  secured  to  the 
stump  of  the  old  mast,  I  would  take  the  storm  main  try-sail  and  gaff,  and  rig  and  set 
it  aa  a  fore  try-saiL 

Q.  How  would  you  set  your  main-sail  without  a  boom  ? 

A.  Treblo-reefed,  with  a  luff-tackle  for  a  sheet. 

Q.  How  would  you  proceed  to  ship  your  main-boom  as  a  fore-mast  ? 

A.  Unship  the  boom  from  main-mast ;  get  the  jaws  of  the  boom  against  the  stump 
of  fore-most  on  the  deck.  Lift  the  after  end  of  the  boom,  with  one  of  the  boom  top- 
ping-lifts, high  enough  for  a  tackle  from  the  bowsprit  to  bowse  it  perpendicularly, 
having  a  guy  on  each  side  to  keep  the  head  of  the  boom  amidships.  I  would  clove- 
hitch  a  warp  over  the  upper  end  of  the  boom  for  two  stays  before  hoisting  the  boom 
up.  For  shrouds  I  would  use  the  two  main-boom  topping-lifts,  one  on  each  side, 
which  are  fitted  with  a  runner  and  tackle.  When  perpendicular,  lash  and  wedge  the 
heel  of  the  boom  to  the  stump  of  fore-mast. 

Q.  How  would  you  moor  ? 

A.  Bring  up  with  best  bower  anchor,  slack  away  chain  (say  about  sixty  fathom^X 
and  if  the  vessel  would  not  drift  to  a  position  suitable  for  letting  go  the  second  an- 
chor, send  out  a  kedge  anchor  with  a  warp,  and  warp  her  to  it.  I^t  go  the  second 
anchor,  slack  away  the  chain,  heaving  in  the  best  bower-chain  at  the  same  time,  until 
I  had  equal  lengths  out  on  both  cables. 

Q.  How  would  you  proceed  to  unmoor  ? 

A.  Slack  away  on  the  weather-cable,  heave  up  the  lee-anchor,  cat  and  fish  It;  then 
jbeave  short  on  the  weather  cable,  reaOiiy  lot  gc\xin%  xJSkAst  vj«s. 
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Q.  Wbatlsaleetide? 

A.  A  tide  setting  to  leeward,  and  with  the  wind. 

Q.  How  wonld  yon  tend  a  vesfiel  in  a  tideway  ? 

A.  A  light  vessel  to  leeward,  a  loaded  ve»Ael  to  windward. 

Q.  Sappoee  yon  were  at  anchor  in  a  calm,  how  would  you  keep  the  chain  clear  of 
the  anchor  ? 

A.  By  heaving  in  the  cable  quite  short,  without  tripping  the  anchor. 

Q.  What  is  meant  by  tide-rode  ? 

A.  Swung  round  by  the  tide,  and  riding  head  to  it  at  anchor. 

Q.  What  is  meant  by  wind-rode? 

A.  When  swung  round  by  the  force  of  the  wind  at  anchor  against  the  tide. 

Q.  How  wonld  you  place  a  kedge  in  a  boat  for  carrying  out  ? 

A.  Stock  over  the  stem  flukes  in  the  boat,  on  a  plank  or  spar  for  canting  over- 
txmrd. 

Q.  How  would  you  carry  out  a  bower  anchor  ? 

A.  The  crown  under  the  boat  with  a  slip-rope,  and  a  ring-rope  over  the  fi;em. 

Q.  You  are  on  a  lee  shore,  on  anchorage  ground,  she  will  not  stay,  and  thei-e  is  no 
room  to  wear,  how  would  yon  get  her  round  ? 

A.  Let  go  the  anchor,  or,  if  time  allow,  unshackle  lee-anchor,  bend  on  a  warp  from 
the  lee-quarter,  let  go  the  nnchor  when  the  helm  is  put  down,  gather  in  the  slack,  and 
hold  on  the  warp ;  this  will  check  her  round.    When  round,  slip  the  warp. 

Q.  How  would  you  construct  a  raft  to  rescue  a  crew  ? 

A.  Three  spare  spars  lashed  as  a  triangle,  with  water-casks  lashed  inside  of  the  tri- 
angle, and  small,  spare  spars  lashed  on  top. 

Q.  Your  rudder  Is  carried  away ;  what  do  you  do  ? 

A.  If  running,  lower  down  the  fore-sail,  get  main  sheet  in,  and  fore  stay-saii  sheet  to 
windward.  Oet  three  spars  and  make  a  triangle ;  secure  a  sail  over  them  ;  bend  on  a 
spar ;  and  sling  some  pieces  of  iron  to  the  lower  spar ;  bend  on  a  stout  warp  to  the 
spar ;  heave  over  to  windward,  veer  over  the  hawser,  and  the  vessel  will  lie-to  com- 
fortably while  you  are  rigging  a  jury-rudder. 

Q.  You  have  no  time  to  do  this  ;  you  are  on  a  lee  shore  ? 

A.  Get  a  square  top-sail  yard ;  nail  a  couple  of  stout  boards  to  one  end  at  right 
angles  to  each  other ;  pass  it  out  under  the  taffrail ;  lash  it  amidships ;  get  a  luff-tackle 
on  the  inboard  end  ;  and  you  will  find  she  will  steer,  unless  a  very  unhandy  vessel. 

Q.  You  have  no  time  for  this  even  ? 

A.  Then  let  go  both  anchors,  and  cut  away  the  masts,  if  she  will  not  ride  to  ic  with- 
out. 

Q.  What  is  a  spinnaker  ? 

A.  A  lofty  triangular-shaped  sail  made  of  light  canvas,  used  in  modern  racing- 
yachts  instead  of  a  square-sail  for  running  before  the  wind.  The  foot  of  it  is  extended 
by  means  of  a  long  spar  called  the  spinnaker-boom,  which  works  with  a  goose-neck  on 
the  fore-side  of  the  mast. 

Q.  How  do  you  set  and  take  in  a  spinnaker  ? 

A.  G«t  the  inner  end  of  the  boom  over  the  taffrail  on  the  side  opiwsite  to  that  on 
which  you  are  carrying  the  main-boom ;  light  it  along  until  the  outer  envl  in  far  enough 
aft  to  clear  the  head-sheets,  then  launch  forward  ;  hook  on  the  topping-lift ;  bend  on 
a  couple  of  whips  purchased  to  the  outer  end,  lead  one  forward  and  the  other  aft ; 
hoist  away  on  the  topping-lift  until  it  takes  the  weight  of  the  boom ;  shove  it  forward 
until  the  goose-neck  can  be  shipped  in  its  place  on  the  mast.  Bend  on  the  halliards 
to  the  head  of  the  sail,  and  the  outer  clew  to  the  out-haul  on  the  \iOom,  \a.VAW^  cax^ 
that  it  is  on  the  fore  side  of  the  topping-lift.    Huisl  away  on  tYic  Yvn\\\»x^"e.,  «L\i*\.  "bX.  ^iXsa 

J^8 
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aametime  haul  out  the  clew ;  when  it  is  chock  up  to  the  topmast  head,  the  clew  close 
out  and  the  inner  clew  fast,  slack  down  your  topping -lift  until  the  boom  is  just  clear  of 
the  rail,  and  trim  with  the  after-guy.  In  large  vessels  it  is  usual  to  h&ve  another  gnj 
from  the  outer  end  to  the  side  of  the  vessel,  to  keep  the  boom  from  rising  when  the 
sail  is  distended  by  the  pressure  of  the  wind.  In  takins  in  a  spinnaker,  top  the  boom 
well  up,  ease  in  the  out-haul,  and  slack  away  the  halliards  at  the  same  time,  and 
gather  in  the  sail  as  it  comes  down.  Ease  away  the  after-guy  until  the  boom  is  fore 
and  aft ;  unship  the  gooRC-neck,  and  stow  it  along  the  deck ;  or  the  boom  may  be 
hoisted  up  with  the  topping-lift  until  it  is  parallel  with  the  maf^ 

Q.  How  would.you  set  it  as  a  jib  ? 

A.  Lash  a  small  tail-block  on  the  bowsprit  outside  the  shroud-iron ;  reeve  a  mpe 
through  it ;  bend  it  on  to  the  outer  clew  of  your  spinnaker,  and  haul  chock  out ;  belay 
and  hoist  away  on  the  halliards ;  use  the  balloon-jib  sheets  for  spinnaker-sheets. 

Q.  You  have  not  said  aujrthing  about  the  preventer  back-stays.    Whnt  are  they? 

A.  Temporary  stays  leading  in  yachts  from  the  top-mast  heud  to  the  quarters.  They 
are  used  when  the  jib  top-sail  or  spinnaker  is  set. 

Q.  You  have  spoken  several  times  about  "  heaving-to."  Now,  you  are  running  in  a 
strong  gale  with  heavy  sea,  and  it  is  necessary  to  **  heave-to ""  fli  shorten  sail,  how 
would  you  do  it  so  as  not  to  run  the  risk  of  having  the  decks  swept? 

A.  Batten  down  the  hatches,  get  everybody  aft  to  the  main- sheet,  watch  for  a 
smooth  sea,  and,  as  the  yacht  begins  to  descend,  ease  down  the  helm,  and  as  the  y&seei 
comes  up  to  the  wind  get  in  the  main-^heet  foot  by  foot ;  haul  fore-sheet  to  windward, 
la.«'h  the  helm  a  lee,  and  proceed  to  reduce  your  canvas. 

Q.  Suppose  you  are  beating  through  a  crowded  channel,  with  a  very  light  breeze 
and  strong  tide,  and  find  you  are  drif tmg  foul  of  other  vessels ;  what  would  yoti  do  t 

A.  If  the  tide  was  adverse,  bring  up.  If  the  tide  was  favorable,  I  would  get  the 
anchor  or  kedge  over  to  leeward  with  )>lenty  of  chain,  bend  on  a  stout  hawser  to  the 
chain  within  n  couple  of  feet  of  the  anchor,  and  lead  it  aft  to  the  quarter.  Put  the 
helm  down  and  let  her  come-to ;  when  she  begins  to  lose  way,  let  go  the  anchor  to 
leeward  and  haul  on  the  hawser ;  when  she  is  fairly  round,  slip  your  cable  and  haul  in 
the  anchor  over  the  stern, 

Q.  You  are  trying  to  claw  off  a  leeshorein  a  gale  under  storm- jib  and  three  reefed 
mnin-sail,  and  your  vessel  persists  in  running  off  her  helm  in  the  squalls ;  what  would 
you  do  ? 

A.  Get  everything  below  that  was  at  all  weighty  into  the  fore-peak,  and  sail  her 
with  the  head-sheets  very  flat. 


0ectton  S. 


PRACTIOAIi   NOTES  ON  STZIAM-ENGINEERINa. 

STEAM :   TABT.ES,  FORMULiC,  ETC. 

STEAM-JACKETS. 

STRENGTH    OF    ENGINES,    HORSE-POWER,  ETC. 

GETTING  X7NDER  WAY.    UNDER  WAY. 

COMING  TO  ANCHOR. 

CAPACITY  OF  COAIi-BUNEERS. 

PADDLE-WHEELS.     SCREW-PROPELLER. 

BOILERS,  ATTACHMENTS,  ETC. 

BOILER-PLATE. 

VALVES,  SLIDE,  ETC.    SEA-VALVEa 

STEERING-APPARATU&  DISTILLED  WATER. 

KINDS  AND  TYPES  OF  ENGINES.    PUMPS. 


Sec.  Vni.  PRACTICAL  NOTES.  437 


PEACTICAL  NOTES  ON  STEAM-ENOINEEEINO, 

By  GEORGE  W.  BAIRD, 

PASSED  ASSISTANT  EMGINSEB,  U.S.N. 

STI3AM. 

By  saturated  steam  we  understand  the  steam  to  be  just  suf- 
ficiently heated  to  continue  in  the  form  of  vapor.  Applying  heat 
to  saturated  steam  converts  the  small  particles  of  water  held  in  sus- 
pension into  steam,  and,  when  this  process  is  complete,  a  further 
application  of  heat  causes  superheating,  provided  the  steam  is  not 
confined  so  as  to  increase  its  pressure ;  but,  if  saturated  steam  be 
cooled,  a  part  of  it  will  condense. 

There  are  two  distinct  phases  in  the  conversion  of  water  into 
steam,  and  to  readily  comprehend  these  we  will  take  them  in  their 
order.  A  thermal  unit  is  the  amount  of  heat  required  to  raise  one 
pound  of  water  one  degree  at  its  maximum  density  (39^  F.),  and  this 
is  practically  constant  for  any  calculation  with  the  steam-engine, 
though  it  increases  slightly  with  temperature.  Now,  if  heat  be  ap- 
plied to  a  pound  of  water  at  the  freezing-point  (32°  F.),  and  continued 
until  the  temperature  reaches  the  boiling-point  (212°  F.),  there  will  be 
consumed  (212—32=)  180  thermal  units.  The  water  absorbing  heat, 
evaporation  now  commences,  and  if  the  pressure  be  not  increased 
above  the  atmosphere,  the  water  will  be  entirely  evaporated  without 
indicating  any  increase  of  temperature.  But  to  evaporate  this  pound 
of  water,  after  raising  it  to  the  boiling-point,  there  will  be  consumed 
966  thermal  units.  This  heat  is  expended  in  overcoming  the  resist- 
ance of  the  particles  of  the  water  to  the  repulsion  incident  to  the 
change  into  vapor,  and  also  to  the  work  of  expansion  against  the  re- 
sistance of  the  atmosphere  in  which  it  is  formed,  so  that  the  total 
expenditure  of  heat  in  changing  a  pound  of  water  at  32°  F.  into  steam 
at  212°  F.  is  (180-1-966 =)1, 146  units.  The  quantity  966  is  called  the 
latent  heat  of  vaporization,  and  is  determined  by  subtracting  the  sen- 
sible from  the  total  heat. 
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Properties  of  Saturated  Steam. 


Presanre  in  IbR. 

Relative  volume 

per  square  inch 

Temperatare, 

Latent  heat. 

Total  heat. 

of    Bteam    lutd 

aboTe  7^ro. 

water. 

1 

102.0 

1043.0 

1145.1 

20,890 

6 

162.4 

1001.0 

1163.3 

4,672 

10 

198.3 

979.6 

1172.9 

2,429 

14.7 

212.0 

966.6 

1178.6 

1,708 

15 

213.1 

965.9 

1178.9 

1,699 

20 

228.0 

955.5 

1183.5 

1,280 

25 

240.2 

947.0 

1187.2 

1,042 

80 

260.4 

939.9 

1190.3 

881 

85 

259.3 

933.7 

1193.0 

764 

40 

267.3 

928.1 

1195.4 

676 

45 

274.4 

923.2 

1197.6 

608 

60 

281.0 

918.6 

1199.6 

653 

65 

287.1 

914.4 

1201.5 

506 

60 

292.7 

910.5 

1203.2 

467 

65 

298.0 

906.8 

1204.8 

434 

10 

302.9 

903.4 

1206.3 

406 

75 

307.5 

900.3 

1207.8 

881 

80 

312.0 

897.1 

1209.1 

859 

85 

816.1 

894.3 

1210.4 

430 

90 

320.2 

891.4 

1211.6 

823 

95 

324.1 

888.7 

1212.8 

307 

100 

327.8 

896.1 

1213.9 

293 

Superheated  steam  follows  the  law  of  expanding  gases,  while 
saturated  steam — even  if  dry — does  not.  Many  formulae  have  been 
offered  for  determining  the  relation  between  temperatare  and  press- 
ure, but  none  of  them  are  exact. 

(^4-51  3\ 
'y  r'^^  +  0.1,  in  which  P  is  the  pressure 

and  t  the  temperature. 

Eankine's  formula  is  almost  exact,  and  is  as  follows : 


log,  P=A ,   -;,  and 

r    r- 


r-\J 


A-log.  P     B^     B 


4tV''    26" 
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in  which  P=  pressure,  ^=  absolute  temperature,  and  -4,  5  and  G  are 
constants.     ^=8.259  ;   log.   J9=3.436  ;  log,    6'=5.599;  —=0.00344  ; 

j-^=r0.00001184.     When  great  accuracy  is  not  required,  the  writer 
has  employed  the  formula  : 


r=(,y/p-0.53)  201, 


L   - 


where  7'=temperature  and  P=pressure. 

The  specific  heat  of  steam  under  constant  pressure  is  0.48,  and  un- 
der constant  volume  is  0.346. 

Mariotte's  law  of  expanding  gases  held  that  the  pressure  varied 
inversely  as  the  spaces  occupied  ;  i.e.,  that  if  a  gas  be  forced  into  a 
cylinder  until  the  piston  moved  half  its  stroke,  the  supply  of  gas  then 
being  cut  off  and  the  motion  of  the  piston  continued  to  the  end  of 
the  stroke,  the  terminal  pressure  would  be  just  one-half  the  pressure 
at  the  point  of  cutting  off.  This  law  was  applied  to  the  steam-engine 
until  a  recent  period,  when  its  fallacy  was 
proved  by  Chief  Engineer  Isherwood.*  It 
is  still  employed  to  demonstrate  the  press- 
ures due  to  expansion,  and  is  approximn.te- 
ly  correct  where  superheated  steam  and 
the  steam-jacket  are  employed.  From 
this  law  it  is  easy  to  calculate  the  press- 
i-re  of  steam  at  any  i5oint  of  the  stroke  of 
the  piston,  if  the  pressure  at  the  point  of 
cut-off,  and  the  distance  travelled  by  the  piston  when  the  steam  is  cut 
off,  be  known.  The  pressure  is  always  reckoned  from  zero  {i.e.^  per- 
fect vacuum)  and  the  lengths  are  fractions  of  the  stroke. 


♦  '"Until  a  comparatively  recent  period,  steam  was  regarded  by  engineers  and  treated 

by  philosophers  as  a  permanent  gas,  whereas  it  is  really  a  most  unstable  fluid 

It  is  not  too  much  to  say  that  Mr.  Isherwood,  of  the  XJ.  S.  Navy,  in  his  masterly  pre- 
face to  the  second  volnme  of  Experimental  Ilescarches  in  Steam  Engineering,  was 
the  first  who  had  the  courage  to  dispute  the  soundness  of  this  vicious  theory/' — Loo- 
don  Engineer,  January  4, 1878. 
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Let  /y=the  length  of  the  stroke  completed  when  the  ateam  is  cut 
off,  and  P=the  pressure  at  the  point  of  cutting  off,  then  tSw 'fans- 
sure  p  at  any  point  of  the  stroke  I  from  the  commencement  will  be 

PL 

From  Mariotte's  law,  the  curve,  a  6,  of  expansion  is  a  hyperbola,  from 

PL 
which  7)=—  may  be  deduced. 

V 

Example. — An  engine  has  a  stroke  of  piston  of  105  inches,  cuts 
off  at  51  inches  from  the  commencement  of  the  stroke,  and  the  pres- 
sure at  the  point  of  cut-off  is  30  pounds  above  the  atmosphere  ;  re- 

PL 

quired  the  pressure  at  the  end  of  the  stroke.     We  have  p=  —  = 

(304-14  7)  51 

r^^ =21.7  pounds  above  zero,  or  (21.7—14.7=)  7  pounds 

above  the  atmosphere. 

Considerable  fuel  is  saved  by  cutting-off  the  steam  before  the  stroke 
is  completed,  thus  allowing  the  expansive  force  of  the  steam  to  do 
useful  work.  According  to  Mariotte's  law,  the  greatest  economy  was 
realized  with  the  shortest  cut-off ;  but  carefully  conducted  experi- 
ments proved  it  to  be  about  three  expansions  when  twenty-five  pounds 
boiler-pressure  was  employed  in  an  unjacketed  cylinder  of  a  condens- 
ing engine,  and  about  one  and  one-half  expansions  in  a  non-condensing 
engine.  With  fifty  pounds  boiler-pressure  these  figures  become  five 
and  two  and  one-half  respectively,  and  at  higher  pressures  the  eco- 
nomic point  of  cut-oft'  is  still  less. 

One  of  the  principal  causes  for  the  departure  of  the  true  law  from 
that  of  Mariotte,  is  the  chilling  of  the  cylinder  when  the  exhaust- 
valve  opens  and  places  it  in  communication  with  the  condenser ;  for 
when  the  live-steam  comes  in  contact  with  the  cylinder  on  the  next 
stroke,  there  is  a  condensation  upon  its  surface,  and  when  the  steam 
is  cut-off,  and  the  pressure  falls  in  the  cylinder,  there  is  a  re-evapora- 
tion of  that  water,  which  absorbs  a  great  quantity  of  heat  and  de- 
stroys, consequently,  much  pressure.  In  order  to  obviate  this  cylin- 
der-condensation, which  becomes  a  serious  matter  in  large  engines, 
the  steam-jacket  is  used.  This  is  essentially  enveloping  the  cylinder 
in  steam  at  the  boiler-pressure,  and  is  affected  by  placing  a  cylindrical 
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lining  in  the  cylinder,  with  an  annular  space  for  the  steam  ;  by  cast- 
ing the  cylinder-heads  hollow,  and  by  filling  the  annular  space  and 
iicSlow  heads  with  boiler-steam. 

By  using  Ifee  etesm-jmcfeet,  the  economic  point  of  cutting-off  is 
shortened  somewhat,  but  in  order 
to  preserve  the  mean  pressure  it  is 
necessary  to  increase  the  boiler- 
pressure.  When  high  boiler-press- 
ure and  shorb  cut-off  are  used, 
the  piston  is  moved  as  if  by  blows, 
and  the  torsion  upon  the  shaft  is 
intermittent,  but  by  compounding 
the  engine,  the  torsion  is  more 
uniform.  The  strength  of  the  ma- 
terial in  an  engine  is  calculated 
for  the  maximum  pressure,  and 
this  occurs  at  the  commencement 
of  the  stroke.  Taking  a  com- 
pound and  a  single-expansion  en- 
gine, having  equal  volumes  of 
cylinder,  velocities  of  piston,  car- 
rying the  same  initial  pressures, 
etc.,  and  expanding  through  the 
same  range,  it  will  be  found  that 
they  wUl  develop  the  same  indi- 
cated power  in  the  cylinders,  but 
it  will  be  found  that  the  initial 
load  upon  the  pistons  of  the  single- 
expansion  engine  will  be  greater 
than  that  of  the  other,  and  that  its 
working  parts,  frames,  etc.,  must 
be  built  correspondingly  heavier. 
From  the  more  uniform  pressure 
and  torsion  of  the  compound- 
engine,  it  follows  that  it  will  be 
a  smoother-working  machine,  and 
it  will  probably  be  found  that,  from  the  same  cause,  there  will  be  a 
greater  net  power  applied  to  the  propulsion  of  the  ship.  The  advan- 
tage of  the  compound  over  the  single-expansion  engine  is  mechanical 
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and  not  physical,  but  the  advanta^  of  the  Bjebem  is  sufficient  to 
warrant  its  use  for  Is^rge  powers. 

The  horse-power  of  an  engine  is  calculated  from  indicator-diagrams. 
The  length  of  the  indicator-card  refers  to  the  stroke  of  the  piston,  and 
the  perpendicular  lines  indicate  the  pressures.  A  horse-power  is 
reckoned  to  be  33,000  pounds  raised  one  foot  high  in  one  minute,  and 
the  horse-power  of  an  engine  is  the  mean  unbiEJanced  pressure  per 
square  inch  upon  its  piston,  multiplied  by  the  area  of  t^e  piston  in 
square  inches,  multiplied  by  the  velocity  of  the  piston  in  feet  per 
minute,  divided  by  33,000. 

Let  il=area  of  piston,  p=mean  pressure,  t}= velocity  of  pist<Hi, 

then  the  horse-power  will  be    ^o  ;^* 

00,000 

The  velocity  of  the  piston  in  feet  per  minute  is  the  length  of  the 
stroke  in  feet,  multiplied  by  the  number  of  strokes  per  minute. 

Example. — pne  cylinder  of  the  U.  S.  Fish  Commission  steamer 
Fish  Hawk,  is  twenty-two  inches  in  diameter,  and  the  stroke  of  pis- 
ton is  2.25  feet ;  at  103  revolutions  per  minute  the  velocity  of  piston 
was  (103  X  2  X  2.25)=463.5  feet  per  minute.  Lay  off,  on  the  double 
indicatoi^ard,  Fig.  1,  the  ordinates  ah^  cd,  efy  gh.,  and  so  on,  and 
measure,  with  the  scale  of  the  indicator,  the  lengths  of  those  ordi- 
nates. The  measurements  are  as  follows  :  12.5,  38.7,  20,  41.2,  30, 
35,  26.25,  42.5,  10.25,  and  42.5,  the  sum  of  which  is  304.9,  and  this 
sum,  divided  by  the  number  of  ordinates  on  both  cards  (10),  is  30.49 
pounds  per  square  inch.  Then  the  power  developed  by  that  engine  is 

Avp      380.13  X  30.49  x463.5_ 
33,000""  33,000  "" 

GBTTINQ  UNDER  WAY. 

See  that  all  the  man  and  hand-hole  plates  are  on  the  boilers 
and  are  screwed  up  ;  run  or  pump  the  water  into  the  boiler  to  its 
proper  level  before  lighting  the  fires.  Spread  a  layer,  of  coal  over 
the  back  half  of  the  grates,  and  kindle  a  wood-fire  on  the  front 
half,  closing  the  ash-pit  doors  and  leaving  the  furnace-doors  partly 
open ;  as  soon  as  the  fire  begins  to  bum  briskly,  the  ash-pit  door  is 
to  be  removed,  and  the  furnace-door  closed,  and  when  the  coal  in  the 
back  of  the  furnace  ignites,  a  tr%a\i  W3i^^\^  ^cajKg  \afe  odded^  but  cai« 
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xnnst  be  taken  to  put  on  very  little  at  a  time  or  the  fire  will  be  put 
out.  A  careful  engineer  will  always  open  his  stop- valves  and  his 
drain-cocks  before  steam  is  formed,  and  also  see  that  the  safety- 
valves  are  in  working  order.  He  will  see  that  the  boiler-blows  are 
closed,  and  that  his  donkey-pumps  are  arranged  for  working  by 
steam  (for  many  are  arranged  to  disconnect  and  work  by  hand),  and 
that  the  sea-valves  are  open  for  admitting  water  to  the  pumps  ;  that 
the  out-board  delivery-valves  are  opened  and  that  the  oil-cups  are 
supplied  with  oil,  and  the  wicks  are  prepared.  It  is  better  not  to 
urge  the  fires  at  first,  but  let  steam  form  gradually,  and  as  soon  as 
pressure  begins  to  manifest  itself,  the  jacket- valves  should  be  opened 
and  the  cyl&iders  warmed.  If  the  circulating-pumps  are  independent, 
they  should  be  started  as  soon  as  there  is  enough  pressure,  so  that 
should  any  adjusting  be  found  necessary,  or  any  leaks  appear,  there 
will  be  time  to  remedy  them.  Steam  should  now  be  turned  on  the 
anchor-engine,  and  its  cylinder-cocks  opened  and  blown  through,  and 
the  chain-holder  keyed  on,  ready  for  hoisting  the  anchor.  When 
steam  has  rea.ched  a  sufficient  pressure,  the  main-engines  should  be 
blown  through  and  revolved,  to  ascertain  if  they  are  all  right,  and 
when  the  pressure  reaches  the  working  limit,  the  steam  ^should  be 
blown  directly  into  the  condenser  if  the  circulating-pumps  are  inde- 
pendent ;  but  should  the  circulating-pump  be  connected  to  the  main- 
engine,  it  will  be  necessary  to  open  the  furnace-doors,  feed  cold, 
water  into  the  boilers,  or  else  blow  off  the  steam  through  the  safety.- 
valves,  either  of  which  is  objectionable.  The  circulating-pumps 
should  always  be  built  independent.  Before  reporting  the  engine 
ready  for  sea,  the  engineer  should  see  that  there  has  been  nothing 
left  in  the  way  of  the  working  parts,  and  that  all  the  spare  machinery, 
tools  and  stores  in  the  engine-room  are  properly  secured  in  place.  A 
marine-engine  should  always  be  started  slowly,  on  account  of  the 
water  in  the  pipes  and  that  liable  to  be  foamed  over  from  the  boilers  ; 
but  in  working  to  signals,  when  the  boilers  are  making  steam  freely, 
'and  when  the  cylinders  and  pipes  are  hot,  the  engine  may  be  handled 
more  quickly.  When  the  engine  is  in  motion  and  it  is  desired  to  re- 
verse, the  signal  should  be  first  to.  stop,  and  then  to  reverse.  The 
oiler  should  not  start  the  wicks  in  the  oil-cups  to  feeding  until  the 
engine  is  about  to  be  started. 
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When  the  vessel  is  under  way,  the  numing  of  the  engine  shonld 
be  regulated  as  circumstances  demand.  There  are  two  problems  to 
meet,  and  the  elements  of  these  problems  are  varying.  The  first 
is  speed,  and  the  second  is  economy.  It  is  a  waste  of  fuel,  and  it 
is  dangerous  to  the  ship  and  machinery,  to  urge  her  against  a 
gale  of  wind,  and  it  is  a  penny-wise  policy  to  reduce  the  speed  to 
a  minimum  in  good  weather,  in  order  to  "  save  coal."  The  economy 
of  coal  is  measured  in  more  than  one  way.  The  efficiency  of  a 
marine  engine  is  measured  by  the  weight  of  coal  consumed  per 
horse-power  per  hour,  while  the  conmiercial  economy  is  sometimes 
measured  by  the  coal  consumed  per  mile.  But  when  the  interest  on 
the  capital  invested  in  the  vessel,  together  with  the  running  expenses, 
be  considered,  and  this  sum  divided  by  the  receipts,  it  will  be  found 
that  a  high  rate  of  speed — a  speed  that  calls  for  considerably  more 
coal  per  mile — ^yields  a  greater  net  profit  than  a  lower  speed.  If  the 
weather  were  always  the  one  thing,  and  if  we  could  keep  the  condi- 
tion of  the  machinery  and  the  hull  of  a  ship  constant,  it  would  be  an 
easy  matter  to  calculate  the  most  economic  speed,  but  these  are  tie 
varying  factors  that  must  be  met  by  judgment.  In  war- vessels  it  is  the 
practice  to  make  long  voyages  under  sail,  that  coal  may  be  saved 
Under  some  circumstances  this  is  correct,  for  example,  when  the  wind 
is  free  and  sufiiciently  strong  to  give  the  vessel  a  reasonably  g^ood 
speed ;  but  the  policy  of  making  a  voyage  under  sail  of  forty-two 
days,  the  vessel  being  close-hauled  on  one  tack  for  thirty-seven  days 
(the  men  getting  no  exercise  in  seamanship),  when  the  same  voyage 
could  be  made  in  twenty  days  under  steam,  is  not  a  wise  policy. 

In  peace  times  the  use  of  a  ship-of-war  is  when  she  is  in  port, 
where,  by  her  presence,  and  by  the  intercourse  of  the  officials,  a  good 
international  feeling  is  preserved,  and  whereby  our  commercial  rela- 
tions are  strengthened  and  extended.  The  vessel  to  which  I  refer 
was  kept  in  commission  at  a  daily  cost  of  about  $1,000,  so  that  the 
expense  of  the  forty-two  days'  passage  was  about  $42,000.  Had  the 
voyage  been  made  under  steam,  occupying  twenty  days,  using  coal 
costing  $20  per  ton,  and  the  consumption  thirty  tons  per  day,  the 
cost  of  the  voyage  would  have  been  (30  x  20  x  20) -h  20  x  1000= 
$82,000,  a  saving  of  ($42,000— ^'i^^iQ^^^^VQ.QQQ  in  money  and  twenty- 
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tiro  dajB  in  time.  This  veeael  is  on  old-fashioned  ship  ;  the  Baving' 
by  ate^ning  in  the  new  veasels,  with  compoimd  enginee,  woald  1m 
mnch  greater. 

When  the  rate  of  speed  or  the  amount  of  power  t-o  be  used  is  fired 
npoQ,  the  cut-oS  valves  of  the  engine  sboald  be  so  adjusted  aa  to 
keep  the  boOer-presaure  nearly  up  to  ita  working  limit,  and  the  speed 
of  tho  circulating  pumps  bo  regulated  as  te  obtain  agood  vacuum  and 
proper  temperature  of  feed-water.  These  quantities  are  not  exactly 
the  same  for  any  two  condensers,  and  they  sometimes  vary  oonsider- 
afaly.  It  must  be  remembered  that  water  boils  at  a  lower  temperature 
in  a  vacuum  than  under  pressare,  and  that  there  is  a  consequent 
danger  of  evaporating  the  water  in  the  air-pump  and  sending  it  over- 
board in  the  condition  of  vapor,  which  loss  must  be  made  good  by 
supplying  the  feed-pump  with  sea-water.  The  most  economic  tem- 
peratoie  of  the  feed-water  Is  about  104  d^reen,  and,  with  a  correctly- 
constructed  condenser,  a  vacunm  of  about  27  inches  will  be  obtained 
with  the  feed-watei  at  104  degrees. 
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working-beam  engines.  The  exhaust  steam  from  the  cylinder  enters 
the  condenser  at  £,  and  the  injection  water  enters  at  I,  passing  into 
the  top  of  the  condenser  and  falling  to  the  bottom  through  the  scat- 
tering-plate, or  rose.  In  this  form  of  cond^iser  the  steam  and  injection 
water  are  mixed,  and  after  condensation  the  water  is  pumped 
overboard  by  the  air-pump  A.  This  form  of  condenser  has  been 
abandoned  for  sea-going  steamers,  as  the  feed- water  for  the  boileis, 
as  drawn  from  the  hot  well,  H  is  nearly  as  salt  as  the  sea.  Sea- 
water  not  only  boils  at  a  higher  tempeiature  than  fresh  water,  bat 
deposits  an  insoluble  salt — principally  sulphate  of  lime — upon. the 
he:iting  surfaces  of  the  boiler,  and  this  is  a  non-conductor  of  heat. 

One  thousand  grains  of  sea-water  contains  : 

Freshwater,* 964.74372 

Chloride  of  sodium, 27.05946 

Chloride  of  magnesium,        .         .        .         .         .  3.66656 

Chloride  of  potassium, 0.76552 

Bromide  of  magnesium, 0.02929 

Sulphate  of  magnesia, 2.29578 

Sulphate  of  lime, 1.40662 

Carbonate  of  lime, 0.03301 

On  the  application  of  a  high  temperature,  the  synthetic  reaction  is 
between  the  carbonate  of  lime  and  the  sulphate  of  magnesium,  when 
they,  change  places,  becoming  carbonate  of  magnesium,  which  is 
soluble,  and  sulphate  of  lime,  which  is  insoluble.  The  steam  from 
the  boiler  is  from  the  water  alone,  leaving  the  solid  contents 
behind,  and  it  may  be  readily  understood  that  the  larger  the  percent- 
age of  this  solid  matter  passed  through  the  boiler,  fiie  greater  will 
be  the  deposit  of  the  scale.  To  prevent  this  as  far  as  possible,  the 
boiler  is  blown  at  certain  intervals  ;  but,  as  the  water  blown  from  the 
boiler  has  been  heated,  there  is  a  loss  of  heat,  iand  consequently  of 
fuel.  The  solid  matter  held  in  the  boiler  is  estimated  from  the  spe- 
cific gravity  of  the  water,  and  is  measured  by  a  hydrometer. 

Sea- water  is  held  to  contain  ^f^-  of  its  weight  in  saline  matter,  and 
the  hydrometers  are  graduated  on  that  scale.  As  the  specific  gravity 
of  the  water  changes  with  its  temperature,  it  is  essential  to  test  the 
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density  of  the  water  at  a  given  temperature,  and  the  hydrometers 
have  nsnally  three  scales,  190,  200,  and  210  degrees  of  temperature. 
The  scale  of  200  is  mostly  used. 

The  method  of  testing  the  water  ("  taking  saturation," 
as  it  is  oonunonly  called)  is  by  inmiersing  a  thermometer 
in  the  "  salinometer  pot,"  and  allowing  the  water  to  flow 
until  200  degrees  is  reached,  and  then  read  the  nearest 
division  of  the  hydrometer  at  the  surface  of  the  water. 

The  less  water  blown  from  the  boiler  the  greater  will  the 
density  of  the  water  become  ;  and  if  as  much  water  is  blown 
out  as  is  pumped  in  by  the  feed-pump,  there  will  be  none 
vaporized,  and  no  steam  supplied  to  the  engine.  There 
is  an  economic  mean,  and  this  has  erroneously  been  de- 
cided to  be  one  and  three-fourths.*  To  calculate  the  loss 
by  blowing-off,  let 

^=  Total  heat  in  the  steam. 

7'=Temperature  of  the  water  in  the  boiler. 

t  =  Temperature  of  the  feed. 

^=:The  amount  of  vaporization =1. 

J9=Density  of  the  water  in  the  boiler  in  328. 

d  =  Density  of  the  feed-water  in  32s. 

♦  The  precipitated  scale  on  the  heating  surface  of  the  boiler  comes  principally  from 
the  sulphate  of  lime.  If  we  carry  the  water  at  a  low  density,  it  is  manifest  that  wo 
mast  blow  a  correspondingly  large  quantity  of  water  from  the  boiler  and  supply  that 
amoant  from  the  sea.  If  we  carry  the  water  at  a  high  density,  we  do  not  blow  so 
much,  nor  have  we  to  supply  so  much  sea-water  as  feed.  It  is  manifest,  then,  that 
if  we  blow  less,  we  pass  less  sea-water  through  the  boiler.  It  is  not  disputed  that  the 
precipitation  takes  place  at  the  temperatures  we  are  now  using ;  hence  it  follows,  that 
by  blowing  less  we  accumulate  less  scale  in  the  boilers.  The  other  solid  matter  in 
the  boiler  does  no  damage  until  a  density  of  about  %)4  i"  reached  ;  so  we  are  limited  to 
that  density.  A  few  years  ago  two  practice  steamers,  alike  in  every  respect,  left  the 
Naval  Academy  on  a  pnictice  cruise.  There  was  a  Passed  Assistant  Engineer  of  the 
Navy  on  each  in  charge  of  the  machinery,  these  officers  being  attached  to  the  Acad- 
emy as  Professors.  They  agreed  to  test  this  theory  practically,  the  one  obeying  the 
Navy  Regalation,  in  keeping  the  water  in  the  boiler  at  1»4,  the  other  disobeying  the 
regulation,  in  keeping  the  water  at  about  2^.  The  steamers  sailed  in  company,  made 
the  same  voyages  in  company,  did  exactly  the  same  amount  of  steaming  at  the  same 
speed  and  under  the  same  circumstances,  with  the  exception  noted.  The  result  was 
that  the  boiler  in  which  the  water  was  carried  at  1^.^  was  s(;aled  twice  during  the 
practice  cruise,  while  the  one  in  which  the  water  was  carried  at  (or  al)out)  2)^  was 
not  scaled  at  all,  and  returned  to  the  Academy  in  better  condition,  itew  tewss.^'sA^ 
than  did  the  otiier  one. 


Fig.  3. 
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Then  the  per  cent,  of  loss  by  blowing  will  be 
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Example. — Required  the  per  cent,  of  loss  by  blowing  to  keep  the 
water  at  1| ;  with  the  boiler-pressure  at  25.3  pounds  per  square  inch 
above  the  atmosphere  ;  with  the  feed  at  104*";  and  the  density  of  the 
sea- water  at  1. 

From  the  table  on  page  438,  we  find  the  temperature,  T^  due  to 
(25.3  +  14.7=)  40  pounds  absolute  pressure,  to  be  267.3*  F.,  and  the 
total  heat  1195.4"  F. 

Then  from  formula  (1)  we  have 

i,=  .^  =     l^l      =  1.383. 
Jj—d        1.75—1 

And  from  formula  (2) 

ICO  X  T^t  100  X  267.3-100 


=  10. 9  per  cent. 


{JT-iK^-i-  T-t       1105.4-100  X  -1- +  267.3-100 

As  a  remedy  for  this  evil,  surface-condensers  were  introduced,  but 
for  many  years  it  was  doubted  whether  their  disadvantages  w^ere  not 
greater  than  their  advantages. 

It  was  found  difficult  to  keep  them  tight ;  their  cost  and  weight 
were  greater  than  the  jet,  and  the  boilers  always  suffered  from  a 
singular  kind  of  corrosion,  evidently  due  to  the  surface-condenser. 
Forming  a  thin  sheet  of  scale  on  the  heatirg  surfaces  went  far  to 
obviate  this  trouble,  but  it  was  hard  to  keep  the  scale  on.  Another 
means  was  found  in  suspending  sheets  of  zinc  in  the  boiler,  which 
metal  being  electro-negative  with  reference  to  iron,  was  soon  de- 
stroyed, and  the  boiler  was  not  injured.  The  most  successful  means 
has  been  the  Selden  filter.  This  is  a  simple  arrangement  of  filter, 
having  woollen  screens  and  a  bed  of  coke,  through  which  the  feed- 
y/ater  passes.     It  was  held  by  some  engineers  that  the  corrosion  was 
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from  galTanic  actioii,  while  others  held  that  it  was  from  the  solvent 
action  of  the  oils  used  in  the  steam-cylinders,  and  emptied  thence 
through  the  condenser  into  the  boiler. 

M.  Berthelot  succeeded  in  preparing  oil  artificially  from  oleic  acid 
and  glycerine,  and  it  was  found  to  be  identical  with  the  oleine  of  olive 
and  other  fixed  oils.  A  Mr.  Wilson,  of  an  English  candle  manufac- 
tory, obtained  stearic  and  oleic  acids,  and  glycerine,  by  passing  steam 
thix)ugh  melted  f  afcs. 

The  probability  is  that  the  oils  at  the  high  temperature  are  resolved 
into  oleic  acid  and  glycerine ;  the  oleic  acid  attacking  the  copper  in 
the  (brass)  tubes  of  tiie  condenser,  the  lining  of  the  air-pump,  etc., 
making  oleate  of  copper.  The  writer  has  frequently  taken  a  piece 
of  coke  from  a  Selden  filter,  broken  it  in  two,  and  observed  the  me- 
tallic copper  in  the  body  of  the  coke.  Surgeon  Jerome  H.  Kidder,  of 
the  Navy,  made  some  very  interesting  analyses  on  the  salt  found  in 
a  filter  ab  Hecker^s  Flour  Mills,  and  pronounced  it  oleate  of  copper. 
Injecting  a  solution  of  carbonate  of  sodium  into  surface-condensers 
has  been  attended  with  good  results  ;  this  alkali  combines  with  the 
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grease,  making  soap,  which  is  arrested  in  the  filter,  particularly  if 
the  water  be  ti^e  least  brackish,  as  that  causes  the  soap  to  curdle. 
Another  means  is  found  in  lubricating  the  cylinders  with  oils  manufac- 
tured from  petroleum — oils  which  have  a  composition  different  from 
the  common  fatty  or  fixed  oils  of  commerce,  such  as  the  **  Diadem 
cylinder-oiL^'  With  the  use  of  these  oils,  and  using,  alao^.tbft  ^\5l<s^ 
filter,  the  life-time  of  a  marme-boiler  ahoold  be  tviViy  ^SX^^ssi^^'dSE^ 
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The  best  form  of  (mifBce-condenaer  now  used  is  that  in  which  tbe 
tabes  lie  horizonbiJlj,  which  pass  tiie  water  thraagh  the  tabes,  and 
have  the  ende  of  the  tnbes  packed. 

Fig-.  4  is  a  section  of  a  Borface-oondenser,  the  ezhaost  entering  at 
E,  and  the  air-pump  taking  the  condensed,  water,  vapor,  etc. ,  from 
the  bottom  at  A.  The  injeotioii-water  enters  at  I,  paaaeB  through 
the  tubes,  and  oat  at  D. 

Fig.  Q  represents  Second  Assistant  (now  Chief)  Engineer  Aston'a 
modScation  of  Sewell'a  method  of  pading  tobee,  whioh  has  met 


with  great  aucceas  in  the  Navy.  There  is  a  stnffing-box  in  the  tube- 
sheet,  S,  for  every  tube,  and  tjiere  is  a  biaxi  ring,  ot  gland,  on  each 
packing,  the  w/uile  being  held  in  place  by  the  follower.3aeet,  F,  wAkh 
is  pier^  with  holes  equal  to  the  tun^r  mxe  of  the  tube»,  and  eov.nUr- 
bored  to  reeeine  the  ends  of  the  tubee,  whidi  prerenta  th«  tabet  from 
"  crawling  "  out  of  the  neit. 

Pig.  6  is  a  section  of  the  method  patented  by  J.  KiieldB  Wilson,  o( 
Philadelphia,  and  which  haa  lM«n  succeesfally  used  by  ^»  Pnaey  & 
Jones  Company,  of  Wi)nun{;ton,'Oe\aNi«i«.    It,  has  the  advantage  of 
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a  smaller  namber  of  parts  than  the  former  method,  and  of  permit- 
ttBf^  one  tube  to  be  removed  without  in  any  way  interfering  with  an- 
other, while  it  has  the  disadvantage  of  requiring  the  tubes  to  be 
spaced  wider  apart*  the  tJiTeads  cutting  away  some  of  the  metal  of 
the  tube-sheet. 

COMING  TO  ANCHOR. 

The  chief  engineer  should  be  informed  about  half  an  honr  before 
the  anchorage  is  reached,  and  he  should  give  orders  to  let  the  fires 
bum  down.  This  is  necessary,  not  only  as  a  matter  of  economy,  but 
of  great  convenience ;  if  the  vessel  rushes  up  to  the  anchorage  at 
full  power,  and  the  engine  is  stopped,  the  boilers  still  making  steam, 
it  will  be  found  impossible  to  check  the  formation  of  steam  by  open- 
izEg  the^  doors  and  by  feeding  with  cold  water,  and  it  will  be  necessary 
to  blow-off,  greatly  to  the  annoyance  of  passengers  and  all  other  per- 
sons on  decdk.  If  the  fires  are  heavy,  it  will  thoroughly  exhaust  the 
firemen  to  haul  them,  or  even  to  bai^L  them  ;  but  if  they  are  allowed 
to  bum  down  for  half  an  hour,  they  will  require  much  less  labor  in 
the  hauling  or  banking. 

If  the  vessel  is  to  remain  only  a  few  hours  in  port,  it  is  best  to  bank 
the  fires,  so  that  no  steam  will  be  formed,  but  the  water  will  be  kept 
hot  in  the  boilers,  and  yet  not  much  coal  burned.  The  fires  may  be 
banked  at  the  front  or  at  the  back  of  the  furnace  ;  if  the  fire-room  is 
a  hot  one,  it  is  best  (for  the  comfort  of  the  men)  to  bank  the  fire  at 
the  back  of  the  furnace,  but  otherwise  not ;  for  wheil  a  fire  is  banked, 
being  covered  with  good  coal,  it  will  bum  out  at  the  bottom,  while 
near  the  top  the  fuel  is  clean,  and  in  spreading  the  fire,  by  pushing 
the  good  coal  upon  the  grate,  the  ashes  and  clinkers  of  the  bank 
should  always  be  hauled  out ;  this  is  more  convenient  when  the  fire 
is  banked  in  front. 

If  the  vessel  is  to  remain  some  days  in  port,  the  fires  should  be 
hauled,  and  all  the  water  blown  out  of  the  boilers  through  the  bot- 
tom blows.  The  bonnets,  or  covers,  should  be  removed  from  the 
cylinder-heads  to  let  the  cylinders  cool,  and  the  engine  wiped  down 
while  it  is  warm.  The  oil-cups  should  be  emptied  and  wiped  out,  and 
every  oil-hole  closed  to  keep  out  dirt. 

When  the  fires  are  hauled  and  wet  doYm,  >iJaft  «i^^  ^<iNiSSs.\jRk 
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hoisted  in  order  to  clear  the  fixe-room,  and  then  the  tabes,  fire-boxes, 
smoke-boxes,  famaoes,  and  ash-pits  swept,  and  those  sweepings  hoisted 
oat  of  the  fire-room.  As  soon  as  the  cylinders  are  cool  enoagh,  their 
interior  surfaces  should  be  thoroughly  wiped  out  and  coated  with 
clean  oil ;  the  follower-bolts  should  be  sounded  by  a  light  hammer  eveiy 
time  the  cylinder  is  opened,  to  see  if  they  are  tight.  When  these 
things  are  done,  the  cylinder  should  be  closed,  but  great  care  should 
be  exercised  to  see  that  the  men  do  not  leave  anything  in  the  cylin- 
ders. The  outboard  valves  should  be  closed,  and  the  condenser,  hot- 
well,  and  channel-plate,  should  be  drained.  The  coal-bunkers  should 
be  prepared  for  coal,  i.e.j  all  the  braces  put  up  and  their  pins  put  in, 
that  the  coal  may  be  taken  on  board.  The  bilges  should  now  be 
cleaned  and  the  dirt  hoisted,  which  is  the  last  dirty  material  sent  over 
the  decks  ;  and,  this  being  completed,  the  decks  may  be  washed  and 
kept  clean  without  further  hindrance  from  the  engineer's  depart- 
ment. Before  polishing  the  bright  work  of  the  engines,  it  is  impor- 
tant to  see  that  all  the  oil-holes  (where  there  are  no  oil-cups)  are  closed, 
that  no  grain  of  emery  from  the  emery-cloth  may  get  into  the  holes 
and  on  the  journals  ;  a  single  grain  of  emery  may  cause  serious  injury, 
and  will  certainly  cut  the  journal  as  long  as  it  remains  there.  The 
writer  has  found  plugs  of  soft  pine-wood,  luted  with  tallow,  to  an- 
swer admirably,  and  it  has  the  advantage  of  being  easily  removed. 
There  is  more  damage  done  to  bearings  by  grains  of  emery  and  brick- 
dust  accidentally  or  carelessly  dropped  or  rubbed  upon  them,  than  by 
all  the  other  causes  combined. 


CAPACITY  OF   COAL-BUNKERS. 

When  the  bunker  is  situated  amidship,  and  occupies  the  whole 
width  of  the  vessel,  the  floors  being  above  the  keelson  and  nearly 
parallel  with  the  deck,  the  capacity  of  the  bunker  is  calculated  as  a 
parallelopipedon,  and  a  reduction  afterward  made  for  the  curves  (the 
turn  of  the  bilges),  and  for  the  knees.  The  capacity  should  always  be 
measured  as  under  the  beams,  because  of  the  great  difficulty  in  stow- 
ing coal  between  the  beams.  When  a  side  bunker  is  to  be  measured, 
it  must  be  divided  into  sections,  and  for  convenience  in  estimating 
the  qnanUty  of  coal  remaining  in  the  bunker  at  any  period  of  the 
voj^age,  each  section  should  be  c«lc\i\8^^  ««'e«s»i;^l .    "When  conveni- 
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ExanipU, — A  Tesael  haa  side  bimkera  forty  feet  long',  and  the  bulk- 
heads are  on  eqoate  frame :  the  frames  of  tlie  ship  are  spaced  two  and 
a  half  f  set  apart.  Then,  by  dindii^  the  banker  into  eight  jimaginaiy) 
sectioQB,  the  sections  will  divide  on  the  alternate  frames,  or  right 

I  the  beams. 

Measure  the  lengths  of  the  oidiitates,  as  follows ; 
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and  the  snm  of  the  products  mnltiplied  by  one-third  the  oonunon  in- 
terval will  be  the  area  of  the  section.    The  height  of  the  bnnker  (B  C)  is 

nine  feet,  and  the  common  interval  is  i  ;:=  i  2.25,  so  that  one-third 


is  /|=J  2.26, 


O  OX 

the  common  interval  will  be  .—  —  .75,  and    8425x0.75  =  25.68 

square  feet.    In  like  manner  ail  the  other  areas  may  be  found,  which 
are  to  be  arranged  as  follows : 

Areas. 

25.68 
25.88 
26.14 
26.30 
26.56 
26.82 
27.08 
27.84 
27.60 


The  length  of  each  section  is  five  feet ;  and  the  length  of  ail  the 
sections,  forty  feet ;  the  cubic  capacity  of  the  bunker  is  638.2  multi- 
plied by  one-third  the  common  intervii,  or 

638.2  X  5=1,063.6  cubic  feet. 
3 

A  ton  of  anthracite  coal  can  be  stowed  in  forty-two  cubic  feet,  and 
a  ton  of  bituminous  coal  in  forty-five  cubic  feet,  so  that  the  bunker 
will  contain 

■|/\/»0  ct 

of  anthracite  — tt^  =25.32  tons, 

42 

and  of  bituminous  \^^'^-  23.63  tons. 

45 


Simpson's  multipliers. 

Prodncts. 

1 

25.68 

4 

103.52 

2 

52.28 

4 

105.20 

2 

53.12 

4 

107.28 

2 

54.16 

4 

109.36 

1 

27.60 

638.20=  snni 
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A  PADDLB  Bwinging  aboat  the  centre  C,  Fig.  9,  exerts  a  prefisare  on 
the  water  in  a  dilution  perpendicnlar  to  the  face  of  the  paddle,  and 
this  pressore  may  be  resolved  into  two  components,  one,  A  B,  acting 
horizontally,  which  will  be  a  useful  pressure,  and  the 
other,  B  D,  acting  vertically,  which  is  lost. 

Hie  motion  of  the  paddle  is  also  perpendicular  at 
each  instant  to  the  surface  of  the  paddle,  and  is  resolved 
in  the  same  way  into  useful  and  useless  motion. 

Work  is  the  product  of  pressure  and'  distance,  and 
distance  is  directly  as  velocity  ;  therefore  : 

as  useful  pressure  :  lost  pressure ::  A  B  :  B  D. 
also,  as  useful  distance  :  lost  distance  ::  A  B  :  B  D. 

.  *.  as  useful  work  :  lost  work  ::  A  B'-*  :  B  D*. 
But  the  angle  B  A  D  is  equal  to  the  angle  ACE, 


Fig.  9. 


which  is  equal  to  the  angle  of  incidence,  and  the  lines 
A  B  and  B  D  are  in  proportion  to  the  cosine  and  sine  of  this  angle  ; 
then,  the  useful  work  is  to  the  lost  work  as  the  square  of  the  cosine 
is  to  the  square  of  the  sine  of  that  angle. 

The  slip  of  a  paddle-wheel  is  the  difference  of  speed  between  the 
centre  of  pressure  of  the  wheel  and  that  of  the  ship,  and  is  always 
reckoned  in  per  cent,  of  speed  of  the  wheel. 

The  centre  of  pressure  of  a  paddle-board  of  a  radial- wheel  is  al- 
most exactly  one-third  from  the  lower  edge  of  the  board. 

Erample. — The  slip  of  a  paddle-wheel  is  required.  The  wheel  is 
26  feet  in  diameter  over  the  outer  edge  of  the  paddles  ;  the  paddles 
are  15  inches  wide ;  the  wheels  make  15  revolutions  per  minute  ;  and 
the  speed  of  the  ship  is  10  geographical  miles  per  hour. 

The  circumference  normal  to  radius  to  the  centre  of  pressure  is 
79.06*  feet ;  the  slip  will  then  be 


(79.06  X 15  X  60)  -  10  X  6080  X 100 


79.06  X 15  X  60 


=14.5  per  cent. 


A  large  wheel  loses  less  power  by  oblique  action  and  slip  than  a 
small  one,  and  is  preferred  on  that  account ;  but  a  large  wheel  mak- 


•  (26  feet— J- J)  X  8.U16=1ft.W. 
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ing  \em  levolatdons  per  minute,  reqaires  a  luger  engine  to  torn  it  at 

the  same  power ;  beeidea  which  dimdvanta^,  the  large  wbeel  bu 
weight,  cost,  and  resistauoe  to  head-wind  gainst  it. 

Attempts  have  been  made  to  lighten  engines  by  lengthening  the 
Btroke,  and  thus  increasing  the  velocity  of  piflton;  but  Uke  saving,  If 
any,  has  been  Bmall.     Increaaiag  the  niimbez  of  strokee  per  minnts 


tot  a  given  power,  the  pressure  per  eqaare  inch  being  the  same,  will 
reduce  the  weight  of  an  engine  all  the  way  throagb,  and  thia 
was  moBt  eucceesfnllf  realized  in  the  etoam'boat  Richard  Stockton, 
many  years  ^o,  by  using  feathering-wheels  of  smaller  diameter,  and 
maMng  more  revolutions  per  minute. 
Tbegwiaetay  ot  ti&  £e»tbetuig-^lise\,¥vg.  10, should  be  anch,  that 
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the  planes  of  its  paddles  in  entering  and  leaving  the  water  are  the 
same  as  those  of  a  radial-wheel  of  doable  the  diameter.  The  Morgan 
feathering-wheel  has  its  paddles  pivoted,  and  each  paddle  has  an  arm 
secured  to  it  (usually  perpendicular  to  its  face),  and  these  arms  are 
connected  by  rods  to  a  common  centre  forward  of  and  a  little  above 
the  centre  of  the  wheel.  The  expense  of  building  the  feathering- 
wheel  is  greater  than  that  of  the  radial,  but  much  more  than  this 
difference  is  saved  in  the  cost  of  the  engine.  It  is  believed  in  this 
country  that  the  feathering-wheel  will  n^  stand  such  rough  usage  afc 
sea  as  the  radial-wheel,  nor  could  it  resist  so  successfully  the  ice- 
barriers  so  common  in  our  northern  rivers. 


SCIUBW-PROPELLIIR. 

To  form  a  clear  idea  of  a  helix,  conceive  a  right  cylinder,  Fig.  11, 
with  a  circular  base,  and  imagine  this  cylinder  to  rotate  uniformly 
about  its  axis,  A  B,  and,  also,  that  the  cylinder 
has  a  uniform  motion  along  the  line  of  its  axis  ; 
then  let  a  pencil  be  applied  to  the  cylinder  at  ^, 
and  let  the  two-fold  motion  of  rotation  and 
translation  be  so  regulated,  that  during  one  com- 
plete revolution  the  cylinder  shall  progress  an 
axial  direction  equal  to  its  height ;  then  will 
the  line  a  b  c,  traced  upon  its  surface,  be  a  he- 
lix, and  the  vertical  distance,  A  B,  will  be  the 
pitch  of  the  helix,  and  the  pitch  will  be  uniform. 

But,  during  the  uniform  rotation  of  the  cylin- 
der, had  the  axial-motion  been  uniformly  accel- 
erated, the  pitch  would  have  been  accelerated,  or, 
as  it  is  technically  termed,  an  expanding  pitch. 

The  screw-propeller  is  a  blade,  wound  helically  around  an  axis 
which  is  parallel  with  the  keel,  or  nearly  so  ;  and  to  form  a  clear  idea 
of  its  warped-surface,  conceive  the  line  A  B,  Fig.  12,  to  rotate  about 
the  line  A  D,  and  at  the  same  time  to  move  along  the  same  line,  so 
that  it  occupies,  successively,  the  positions  a  1,  a  2,  a  3,  and  a  4,  then 
will  the  sudace,  generated  by  the  element  A  B,  be  a  helicoid,  which 
is  the  working  surface  of  the  common  screw-propeller.  If  the  ele- 
ment A  B  rotate  with  a  uniform  velocity,  and  rise  with  unifonxL 
velociiy,  remaining  parallel  at  all  times  with  thQ\>8jai^  oi  XXv^  ^sssQx^^ 


Fio.  11. 
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the  pitch  of  the  snifaoe  will  be  uniform  on  eyeiy  helix  and  at  erezy 
point  of  the  suifaoe,  and  a  screw  having  sach  a  sozfiioe  is  called  ft 
true  screw. 

But  if  the  generating  element  A  B,  should  move  along  the  axis  A  G 
with  an  accelerated  velocity,  while  its  angular  velocity  was  nnifonn, 
the  pitch  of  the  surface  would  be  accelerated,  and,  in  a  screw  pio' 
peller,  would  be  said  to  be  an  axially  expanding  pitch. 

If  one  end  of  the  element  (B)  ^ould  move,  vertically,  &ster  than 
the  other  end  (A),  while  the  motion  of  zoti^on  was  uniform,  tihe 


a ^^ 

A  > 


B 


Fig.  12. 


helicoid  would  be  a  radially  expanding-pitch.  The  axial  expanding 
pitch  is  the  one  most  used,  and  the  theory  is  that  the  leading  edge  of 
the  blade  puts  the  water  in  motion,  and  that  the  following  part  of  the 
blade  should  have  a  greater  pitch  in  order  to  exert  an  equ^  pressoie 
upon  the  already  moving  water. 

The  pitch  of  a  screw  is  its  axial  length  for  one  convolution  ;  that 
is,  the  distance  it  would  move,  in  direction  of  its  axis,  through  the 
water  for  one  convolution  were  there  no  slip.  The  whole  convolu- 
tion of  a  blade  is  never  used  ;  on  the  contrary,  the  helicoid  is  divided 
into  several  (usually  four)  blades,  and  the  agg^regate  length  of  all 
the  blades  varies  between  one-third  and  one-ha&  a  convolution.  The 
"fraction  of  the  pitch  "  is  that  fraction  of  the  whole  helicoid  used  in 
all  the  blades  combined. 

/%j?  IB  the  difference  between  ^<&  bs.\»\  «ee^  ort  tSie  screw  and  that 
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of  the  ship,  and  is  reckoned  in  per  cent,  of  the  speed  of  the  screw. 
For  example,  a  vessel  made  fourteen  geographical  miles  per  hour,  the 
screw  having  twenty-eight  feet  mean  pitch,  making  sixty  revolutions 
per  minate,  then  the  slip  was 

28x60x60-6080x14    ,^ 

X =15  per  cent. 

28x60x60  ^ 

of  the  speed  of  the  screw. 

It  sometimes  occurs  that  a  vessel  steams  faster  than  the  product  of 
the  pitch  of  the  screw  and  its  revolutions.  This  appears  paradoxical, 
and  has,  therefore,  been  generally  discredited  ;  but  it  arises  from  nat- 
ural causes  It  occurs  most  frequently  with  bluff  and  badly  modelled 
ships,  the  form  of  which  puts  the  water  in  motion  and  causes  eddies 
to  follow  in  the  wake,  so  that  the  screw  works  in  water  which  is  flowing 
in  its  own  direction.  The  United  States  ships  Y andalia  and  Pensacola, 
when  urged  up  to  a  high  power,  will  produce  this  apparently  negative 
slip.  From  carefully  conducted  experiments  it  appears  that  neither 
the  expanding  pitch  nor  any  form  of  curvature  of  blade  have  produced 
any  superiority  of  propelling  eflSciency  over  that  of  the  simplest  form 
of  true  screw.  Chief  Engineer  Isherwood,  in  testing  a  Herreshoff  yacht, 
tried  the  experiment  of  reversing  a  screw  upon  the  shaft,  so  that  the 
convex  or  forward  side  of  the  blades  was  placed  aft,  becoming  the 
working  surface,  and  the  screw  gave  exactly  the  same  result  as  it  did 
when  working  as  originally  intended. 

A  screw  with  two  blades  is  as  efficient,  as  a  propeller,  as  one  of  a 
greater  number,  if  it  has  the  same  diameter,  pitch,  and  surface  ;  but 
the  less  the  number  of  blades  the  greater  will  be  the  shaking  or  jar- 
ring of  the  ship  from  the  revolutions  of  the  screw.  The  port  in  which 
the  screw  revolves  can  be  made  much  smaller  for  a  four-bladed  than 
for  a  two-bladed  screw. 

Various  forms  of  curved  blades  have  been  designed,  and  many  pat- 
ented, for  the  purpose  of  diminishing  the  shaking  of  the  ship  and  for 
increasing  the  propelling  power.  The  custom  in  the  Navy  has  been 
to  carve  the  blades  backward,  the  generatrix  of  the  helicoid  being 
curved  backward  in  the  plane  of  the  axis,  and  it  has  been  found  to 
diminish  the  shocks  while  passing  the  stem-post.  The  Hirsch  screw 
answers  equally  well,  the  generatrix  In  this  screw  being  curved  in  the 
plane  of  rotation,  being  an  Archimeaean  spiral  of  two  degrees  for  eaAk 
foot  of  diameter. 
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Since  the  era  of  high-presBnre  gleam  at  sea,  marine  boOers  have 
been  bnilt  almoet  ezclueivelj  of  cylindrical  form.  This  form  of  boiler, 
having  lew  flat  Borfacea  than  any  other  form,  reqniree  lees  bracing  ud 
Btajing,  and  with  high  preeaotes  this  ig  a  eenooB  matter. 


a  longitudinal  section  of  a  cylindrical  boiler,  and  Fig.  H 
ee  section  of  the  same  boiler.  This  boiler  is  of  the  horiion- 
tal  return  tubular  t;pe,  and  is  diBtliiguiahedfiom  the  common  marine 
boiler  of  that  type  only  by  its  eittema!  form. 

Fig,  15  in  the  ordinary  mttrinii  boiler  of  the  horizontal  return  tnbulii 
type,  and  of  rectangular  form.  The  gaaeBof  combustion  pass  through 
tie  tubes.  A  is  the  furnace  ;  B,  the  fire-box,  or  back  connection  ;  C, 
the  smoke-box,  or  front  oonnectiou  ;  D,  the  ash-pan  ;  and  E,  the  mud- 
drum.  (This  is  the  boiler  of  the  Lancaster, )  This  type  of  boiler  jb 
used  very  geneTsllj  for  preasuies  of  leas  than  fifty  poouda. 
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Fig.  16  is*  a  Maridn  boiler,  and  is  distinguished  from  the  horizontal 
tabular  boiler  by  having  vertical  water-tubes,  with  the  g^ases  of  oom- 
bustion  surrounding  the  tubes,  instead  of  the  horizontal  fire-tubes,  as 
described  above.  Fig.  16  has  a  water-bottom,  while  Fig.  15  has  only 
water-legs  and  a  cast-iron  ash-pit ;  but  this  arrangement  of  bottom  is 
not  inherent  to  either  type.  The  Martin  boiler  has  given  better  eoo- 
nomic  results  than  any  other  type  of  marine  boiler,  bat  it  hasthe  dis- 


FiG.  16. 

advantage  of  less  strength  of  draught,  and  requires,  therefore,  a  greatei 
quantity  of  boiler  to  do  a  given  work  than  the  fire  tubular  boiler. 

Fig.  17  shows  a  longitudiual  section  of  a  flue  and  return  tubular 
boiler,  such  as  is  in  common  use  on  our  river-boats,  and  it  is  a  popu- 
lar type  of  boiler.  It  is  heavy,  is  expensive  to  build,  and  takes  up  a 
great  deal  of  room  ;  but  it  is  an  economical  boiler,  so  far  as  coal  is 
concerned,  and  can  be  placed  in  the  hold  of  our  shallow  boats  under 
the  deck,  with  only  the  steam-chimney  above,  and  as  no  cargo  is  car- 
ried below  decks,  the  space  taken  up  by  the  boiler  is  not  needed  for 
any  other  purposes. 

The  Herreshoflf  coil-boiler  is  rapidly  gaining  favor  for  small  powers. 
It  is  essentially  a  coil,  fed  from  the  top  and  coupled,  at  its  lower  end, 
with  a  vessel  called  a  sepaxa^x.  TVv^  «AAain  and  water  flow  together, 
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mixed,  into  the  separator,  and  the  steam  is  taken  from  the  top  of 
this  vesseL  A  current  of  water  most  be  continaed  through  the 
ooil  without  regfard  to  the  quantity  in  the  separator,  and  for  this 
purpose  the  best  possible  kind  of  an  independent  pump  should  be 
used  ;  for  should  &e  feed-pump  cease  working  for  a  minute  while 
the  fire  is  iu  full  action,  the  coil  would  probably  bum.  The  Herres- 
hoff  boiler  is  economic  in  its  consumption  of  coal,  and  will  produce 


Pig.  17. 


a  greater  power,  for  equal  weight  of  boiler,  than  any  other  known 
to  the  writer. 

The  attachments  of  a  boiler  are :  the  steam  and  water  gauges, 
feed-valves,  blow-valves,  safety-valve,  stop-valve,  salinometer  pot,  and 
diy-pipes. 

The  amplest  form  of  steam-gauge,  and  a  leliaYAe  oii&^\a^^  q-^^rss^-X^^ 
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mercniy-gange.  It  bi  ftlled  with  meronij  ap  to  a  a'.  Pig.  18.  HfliB 
ateun  preaB  upon  Uis  111BTC1117  in  the  1^  a',  and  force  it  down  tab 
inch,  it  will  be  forced  up  one  inch  In  Uie  leg'  a,  "■■*^"g  a  difCerancs 
of  two  inchee  id  Qie  level  of  the  menimy,  which  will  Indloate  me 
potmd  pt^saure,  beeatue  a  cotonm  of  inerDoij  with  a  base  of  me 


i* 


"^ 


sqnare  inch  and  two  inches  in  height  weighs,  in  ronnd  ntimbeni,  om 
pound  Therefore,  for  every  inch  of  riie  in  the  leg  a  there  will  be 
an  eqnal  depression  in  the  leg  a',  and  each  inch  of  rise  in  the  1^  a 
will  indicate  a  pound  preeenre  per  square  incK  It  is  not  ^eoessu; 
to  iisre  file  gauge  one  eqiuae  iucb  in  «ie&,  ea  the  preeanre  is  to  te 
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measured  in  pounds  per  square  inch.  Any  redaction  in  the  size  of 
the  tabe  holds  good  for  both  the  pressure  of  the  steam  and  the 
weight  of  the  mercury.  For  example  :  if  the  tube  is  one-half  a  square 
inch  in  area,  a  height  of  two  inches  of  mercury  would  weigh  2  x  4^  x  1 = 
^  pound,  and  this  would  balance,  in  pounds  per  square  inch,  an  area 
of  half  a  square  inch  x  1  pound  per  square  inch,  or  ^  x  1=^. 

An  excellent  form  of  high-pressure  mercury-gauge  is  the  open-top 
gauge  of  Chief -Engineer  A.  S.  Greene  (Fig  .19).     It  is  made  of  three 
iron  disks  bolted  together,  and  contains  a  double  piston  D  and  a, 
haying  rubber  diaphragms,  H  and  I ;  a  gas-pipe  E  is  screwed  into  the 
edge  of  the  outer  disk,  and  connects  with  the  space  at  the  back  of 
the  small  piston,  and  this  pipe  connects  with  the  boiler.  In  the  middle 
disk  the  gas-pipe,  F,  is  screwed,  which  opens  into  the  chamber  be- 
tween the  pistons  D  and  a.  The  glass  gauge-tube  is  secured  to  the  front 
disk,  and  communicates  with  the  chamber  in  front  of  the  large  pis- 
ton D.     The  tubes,  G  F  and  E,  are  all  open  at  the  top,  and  are  filled 
up  to  the  zero  line,  L  M,  in  which  condition  everything  is  balanced. 
This  gauge  is  almost  perfectly  self-ad- 
justing from  varying  temperatures.     The 
relative  height  of  mercury  in  the  tubes 
G  and  E  will  be  inversely,  as  the  areas 
of  the  pistons  D  and  a,  and,  in  this  way, 
a  short  tube,  G,  may  be  used  to  measure 
a  high  pressure. 

The  most  popular  form  of  spring-gauge 
is  that  of  Bourdon,  Fig.  20.  It  has  an 
oval  tube,  T(with  its  greatest  diameter 
perpendicular  to  the  plane  of  curvature^ 
into  which  the  pressure  enters  at  the  pipe, 
P.  It  has  a  toothed-arc  and  pinion,  a 
pointer,  and  a  dial.  The  pressure  in  the 
tube,  T,  tends  to  straighten  it,  which, 
through  the  arc  and  pinion,  revolves  the 

pointer,  which  indicates  the  pressure  on  the  dial.  The  elasticity 
of  the  metal  in  the  tube  is  all  that  resists  the  steam-pressure. 

Another  form  of  spring-gauge,  equally  as  good  as  the  former,  is  the 
Utica  steam-gauge,  Fig.  21.  It  is  a  kind  of  corrugated  drum,with  the 
heads  brazed  on.  « 

The  isteam-presBore  is  inside  the  drum;,  and  i&  XQ,^\fiX&vi  Vj  *Cs^^  ^^s^ 

SO 
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ticity  of  the  metal,  its  motloii  being  oomnmnioated  to  a  pcnnter 
through  suitable  mechanism. 


Fio.  21. 


There  are  two  kinds  of  water-gauges  in  common  use  :  the  glass- 
gauge,  Fig.  22,  and  the  gauge-cock,  Fig.  23.  There  are  various  fonns 


imzi&" 


^ 


IK 


Fig.  22. 


Fig.  23. 


of  combination-gauges  in  use,  some/>f  them  patented,  but  the  writer's 
experience  teaches  him  that  these  gauges  are  better  when  separate, 
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and  that  they  shonld  be  tapped  into  the  shell  of  a  boiler  with  the 
shortest  practicable  connections.  The  glass-gauge  has  a  valve  or 
cock  at  each  end,  to  close  it  off  in  case  of  accident  to  the  glass,  which 
enables  you  to  put  in  a  new  glass  while  the  pressure  is  in  the  boiler. 
At  the  bottom  of  the  glass-gauge  there  is  usually  a  blow-through 
cock;  by  closing  off  the  top  of  the  gauge,  and  opening  the  blow-through 
cock,  the  bottom  passage  of  the  gauge  is  cleared  ;  and  by  closing  the 
bottom  passage  of  the  gauge,  the  blow-through  will  clear  the  top 
opening. 

Gauge-cocks  should  be  tapi>ed  directly  into  the  shell  with  a  nut  on 
the  inside  of  the  boiler.     They  should  always  be  in  an  accessible 


s 
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place.  Where  it  is  imperative  to  put  a  connection  between  the  water- 
gauge  and  the  boiler,  it  should  be  larger  in  area  than  the  cock,  and 
should  be  frequently  cleared. 

There  are  two  blow-valves  on  a  boHer:  the  bottom-  and  the  surface- 
blow.  The  8urftM»-blow,  which  takes  the  water  from  near  the  surface, 
is  used  almost  exclusively  where  the  jet-condenser  is  employed,  as 
it  is  most  economical  to  keep  up  a  steady  blow  ;  and  the  theory  is,  that 
as  the  evaporation  is  from  l^e  surface  of  the  water^  that  t»\v&  ^^aiu^x 
there  will  be  denser.    The  bottom-blow  la  used  iio\i  oiA^  \i(^  W<^^  N^*>^ 
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water  ont  of  the  boiler,  but  to  ran  water  in  when  the  boileis  aie 
cold^ 

Feed  or  check-valyes,  Fig.  25,  are  always  attached  to  the  boilen, 
and  all  the  water  pumped  into  the  boiler  passes  throngh  the  chedL 
It  is  detached  from  the  stem,  and  automatically  prevents  any  water 
passing  from  the  boiler  into  the  feed-pipe,  wMch  woold  otherwise 
occnr  in  the  event  of  accident  to  the  feed-pump  or  pipe.  Check-val^fiB 
are  sometimes  made  with  a  detached  screw-stem,  by  which  their  lift 
may  be  regulated  and  the  quantity  of  feed- water  gauged  to  a  nicety, 
by  which  means  several  boilers  may  be  fed  with  one  pump.  Wheie 
only  one  boiler  is  used,  the  screw-stem  is  not  necessary,  imd  an  nn- 
threaded-stem  with  a  weight  on  it  takes  its  place,  while  the  feed  sap- 
ply  is  regulated  by  the  pump  alone.     A  **  steady  feed  "  is  one  of  the 


Fia.  26. 


things  greatly  to  be  desired  in  an  engine-room — ^it  conduces  to  a 
uniform  steam-pressure  and  speed  of  engine,  and  under  these  condi- 
tions the  boiler  is  not  apt  to  foam. 

Fig.  26  is  a  section  of  the  safety-valve  brought  to  Washington,  in 
1875,  by  the  Supervising  Inspectors  of  Steam  Vessels,  in  competition 
with  which  many  patented  valves  were  tested,  but  none  were  found 
superior  to  it,  nor  of  simpler  construction.  It  differs  from  the  com- 
mon safety-valve  only  in  having  knife-edges  on  the  lever. 

In  loading  a  safety-valve,  the  measurements  of  the  lengths  of  the 

arms  of  the  lever  are  all  made  from  the  fulcrum,  F.     The  long  ann 

is  the  projected  length  iToin.\i\\fe  c«Q\.xfe  qS.Y  X^^fc^a  oentre  of  gravity 
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Off  the  weight,  W,  and  the  short  arm  is  the  projected  length  from  F  to 
the  centre-line  of  the  valye-stem.  Leairing  weights  and  friction  oat, 
the  simple  equation  P  2= W  L,  solves  the  safety-valve,  in  which  P= the 
load  on  the  valve,  and  W=the  weight.  The  simplest  practical  way 
to  load  a  safety-valve  is  to  remove  the  weight,  W,  attach  a  spring- 
balance  to  the  valve-stem,  V,  and  ascertain  the  weight  required  to 
lift  the  valve,  stem,  and  lever.  This  is  a  constant  pressure,  always 
geating  the  vsklve,  no  matter  where  the  weight  may  be.  The  pressure 
to  be  lifted  by  the  steam  is  this  pressure  plus  the  effect  of  the  weight, 
or  the  pressure  found  by  multiplying  the  area  of  the  valve  by  the 
pressure  per  square  inch,  and  then  deducting  the  amount  found  by 
the  spring-balance.  Affcer  this,  proceed  as  if  there  were  no  friction, 
nor  weight  of  lever,  stem,  etc. 

Example, — A  safety-valve  is  8  inches  in  diameter,  and  it  is  required 
to  blow-off  at  40  pounds  per  square  inch ;  the  weight,  W,  being  IdO 


Fig.  27. 


pounds ;  150  pounds  being  required  to  lift  the  valve,  stem,  and  lever ; 
and  the  short  arm,  I,  of  the  lever,  being  5  inches  ;  required  the  distance 
the  weight,  W,  must  be  from  the  fulcrum. 

The  diameter  of  the  valve  being  8  inches,  the  area  will  be  (irr*=) 
50.265  square  inches,  and 


L= 


(50.265  X  40-150)  X  5 
190 


=48.9  inches. 


Fig.  27  is  the  section  of  a  boiler  stop-valve  m\>l[i  ^  ^^\^\<(^YD^. 
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They  are  usaally  made  with  the  stem  morable  in  the  yalve,  and 
with  ontside  threads,  and  are  so  placed  on  the  bolLer  that  the  pressnie 
will  be  under  the  valve.  The  slip-joint,  as  its  name  implies,  is  a  pipe- 
connection  wherein  one  pipe  slides  or  slips  within  another.  These 
are  packed  like  other  stirffing-boxes.  They  are  indispensable  on  board 
sea-going  ships  when  there  is  a  great  length  of  straight  pipe,  or  where 
they  connect  engines,  boilers,  or  pomps  which  are  not  on  the  samo 
bed-plates.  Copper  or  brass  pipes,  at  small  size,  having  elbows  or 
curves  sufficient  to  allow  considerable  spring,  do  not  require  slip* 
joints. 


Pia.  28. 

Instead  of  a  slip-joint,  the  expansion-joint,  Fig.  28,  is  sometimes 
used.  It  is  used  almost  exclusively  on  exhaust-pipes.  It  is  a  shorfc 
semi-annulus  of  copper,  connecting  the  two  ends  of  the  pipe.  The 
object  of  these  joints  is  to  compensate  for  any  alteration  of  the  length 
or  direction  of  the  pipes,  either  from  the  working  of  the  ship  or  from 
the  effects  of  heat  and  cold. 

Salinometer-Pot. — Drawing  water  from  the  boiler  for  the  pur- 
pose of  testing  its  density  is  always  attended  with  considerable  in- 
convenience, and  some  danger  of  scalding  one's  hands,  for  the  water 
flowing  from  the  boiler  has  a  temperature  due  to  the  pressure  in  the 
boiler,  which  is  considerably  above  the  atmospheric  boiling  tempera- 
ture. If  the  water  be  drawn  off  very  slowly,  the  rapid  boiling  is 
avoided,  but  the  engineer  has  not  usually  time  for  this.  To  avoid 
this  difficulty,  the  circulating  Salinometer-pot  was  devised  by  Chief 
Engineer  Fithian.  (Fig.  29.)  It  contains  a  small  coil,  through  which 
the  water  flows,  and  around  which  cold  water  circulates,  which  cools 
the  boiler-water  down  to  200°  very  quickly,  and  completely  prevents 
the  boilmg-ovQX, 
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Boiler-plate  in  this  countiy  is  known  under  three  designations 
which  incQcate  not  only  the  quality  of  the  plate,  but  the  process  of 
mannfactare. 

C.  No.  1  signifies  charcoal  number  one,  and 
refers  to  iron  manufactured  in  the  blast-fur- 
nace employing  charcoal  as  fuel.  It  is  used 
in  those  parts  of  boHers  which  are  not  sub- 
jected to  high  degrees  of  heat,  i.e.y  in  the 
shells,  and  not  in  the  furnaces/ 

G.  H.  No.  1  means  charcoal  hammered 
number  one,  and  comprises  plates  in  which 
the  piles  are  reheated  and  hammered  with 
heavy  steam-hammers.  This  process  makes 
the  plate  more  compact  and  solid,  improves 
the  strength  of  the  plate,  and  makes  it  more 
capable  of  standing  high  heat.  This  is 
**  flange-iron." 

Fire-box  iron  designates  a  kind  of  plate 
made  exclusively  for  furnaces. 

There  are  different  qualities  of  these  dif- 
ferent brands,  depending  on  the  process  and 
oare  of  the  various  manufacturers. 

For  C.  No.  1  the  iron  used  is  generally 
oold-blast  charcoal-iion.  The  pig  metal  is 
remelted,  and  refined  or  converted  into 
wrought  iron  in  charcoal-fires,  the  balls 
being  hammered  into  blooms.  These  blooms 
are  reheated  in  reverberatory  furnaces,  and 
iihen  rolled  into  slabs,  which  are  called 
coveis.  Between  two  covers  the  clippings  of 
boiler-plates  are  placed,  and  the  "  pile"  is 
then  brought  to  a  welding-heat  and  passed 
between  heavy  rollers. 

Common  wrought-iron  scrap  is  sometimes 
piled  between  covers,  and  the  risk  of  ob- 
taining inferior  iron  is  thus  increased,  owing 
to  imperfect  welding  of  the  pieces  from  the 
presence  of  slag  between  the  layers.  Iron  manufactured  by  this 
process  of  covers  and  filling  is  liable  to  blister  under  intense  heat^ 
on  account  of  ite  iaminated  character  and  ttova.  vcnTjetl'fcQi^i  ^^'iixasi,. 
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G.  H.  No.  1  is  made  by  piling'  one  bloom  or  slab  npon  anotiber,  no 
scrap  being  introdaced  between  the  blooms  ;  or  hj  compactly  piling 
bars  at  right  angles  to  each  other,  the  piles  being  rolled  under  a  high 
welding  heat  to  compact  the  mass,  which  is  r^eated  and  re-rolled 
several  times. 

Fire-box  or  flange-iron  is  made  in  a  similar  way  to  G.  H.  No.  1, 
and  differs  only  in  being  subjected  to  one  or  two  additional  pro- 
cesses of  heating  and  hammering,  or  rolling,  in  which  the  greatest 
care  is  observed  in  the  selection  of  the  mateiiiEtl. 

It  is  difficult  to  detect  the  quality  of  boiler-plate  by  superficial 
examination,  as  the  surfaces  appear  so  nearly  the  same.  As  a  role, 
plate-iron  which  can  be  bent  at  right  angles  when  red-hot  withoat 
showing  cracks  is  good  for  any  part  of  a  boiler,  and  this  test,  if  made 
cold,  is  still  more  favorable. 

When  plates  are  not  solid,  but  in  layers,  they  are  said  to  be  lami- 
nated. This  condition  arises  from  imperfect  welding  of  the  layers, 
and  is  usually  caused  by  sand  or  cinder  being  interposed,  and  which 
has  not  been  expelled  in  the  rolling  and  hammering  in  the  process  of 
manufacture. 

BliRters  arise  from  the  same  cause  as  lamination.  Sometimes  a 
blister  appears  as  a  mere  surface  defect,  and  is  of  little  consequence ; 
but  their  appearance  may  be  an  indication  of  the  lack  of  care  in  the 
manufacture. 

All  plates  which  are  to  come  in  contact  with  the  fire  should  be 
sounded  before  being  used.  This  is  done  by  hammering  with  a  light 
hammer  (about  one  and  one-fourth  pounds)  all  over.  If  the  plate  is 
good,  the  sound  will  be  clear  and  the  hammer  will  fall  heavy  upon 
it ;  but  if  there  are  blisters,  the  sound  will  be  dull,  and  the  hammer 
will  rebound.  Sometimes  a  plate  will  appear  good  on  one  side  and 
blisters  be  found  on  the  other ;  therefore,  plates  should  be  sounded  on 
both  sides. 

SLIDE-VALVES. 

The    slide-valve  is  used  almost  exclusively  on  screw-propeller 

engines,  and  it  is  the  one  which  invites  the  most  discussion.     Fig.  30 

shows  a  common  slide-valve  in  the  central  position,  where  the  ports 

are  closed  ;  and  Figs.  31  and  32  the  two  extreme  positions  where  the 

ports  are  wide  open. 
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When  a  slide-valve  has  no  lap,  as  in  Figs.  30  et  seq. ,  the  width  of  the 
facing  is  just  enough  to  cover  the  ports,  the  lap  being  any  additional 
width  whereby  these  ports  are  overlapped. 

The  distance  through  which  this  valve  moves  in  passing  from  one 
extreme  position  to  another  is  called  the  travdy  which,  in  this  case, 


3Sg 


^ 
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Pig.  32. 

equals  twice  the  width  of  port,  and  always  equals  twice  the  throw  of 
the  eccentric. 

In  Fig.  31,  the  steam  enters  the  port  a,  and  urges  the  piston,  d^  to 
the  end  of  its  stroke,  while  the  steam  from  the  right-hand  end  of  the 
cylinder  is  being  exhausted  through  the  port  h. 

In  Fig.  32,  where  the  piston  has  reached  the  end  of  the  stroke,  the 
valve  has  shifted  its  position  so  as  to  allow  steam  to  enter  the  port  &, 
and  to  exhaust  through  a  into  the  exhaust  opening  c. 

This  ii3  the  simplest  form  of  the  slide-valve  ;  but  as  it  permits  the 
steam  to  follow  the  piston  to  the  end  of  its  stroke  without  cutting  off, 
and  thereby  taking  advantage  of  the  latent  power  of  the  steam's  ex- 
pansibility, it  is  seldom  used  in  this  form.  The  cut-off  with  the  slide- 
valve  is  effected  in  two  ways  ;  first,  by  adding  lap  to  the  valve,  and 
second,  by  an  independent  cut-off. 

Lap  is  the  amount  the  valve  extends  over  the  ports  when  it  is  in 
mid-position.  ^By  adding  lap  to  the  valve,  as  indicated  by  the  black 
lines  in  Fig.  33,  we  cause  its  edges  to  cover  the  ports  earlier  and  thus 
cut  off  the  steam.     When  lap  is  added  to  a  valve  it  is  evident  that  the 


*  For  a  thorough  inTestigation  of  the  slide-valve,  vre  tecoTii'aiexv^  k!Q£3a\CL^QR£  ^st 
ZennOT'fi  works. 
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valve  will  not  open  soon  enongh ;  we  mast,  therefore,  taet  the  eccen- 
tric ahead  sufficiently  to  meet  this  amount,  and  the  number  of  d^fiees 
we  set  the  eccentric  ahead  for  this  purpose  is  called  the  angular  ad- 
vance. When  we  set  the  eccentric  idiead,  we  not  only  correct  the  time 
of  the  steam  opening,  but  we  open  the  exhaust  just  that  much  too 
early,  and  it  becomes  necessary  to  add  lap  to  the  exhaust  side  by  Fig. 
33.  If  the  same  lap  were  added  to  the  exhaust  side  as  to  the  steam, 
it  would  cause  the  exhaust  to  close  too  early  and  produce  too  greafc 
cusJiioning^  so  a  smaller  amount  is  appUed  to  the  exhaust  side.  By 
careful  designing,  the  slide-valve  can  be  made  to  cut  off  at  two-thirds 
of  the  stroke  with  a  very  good  distribution  of  the  power. 

For  shorter  cut-offs,  an  independent  cut-off  valve,  driven  by  an  in- 
dependent eccentric,  is  used.     Fig.  34  shows  such  a  valve,  with  the 
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Fig.  34 


cut-off  valve  a,,  sliding  over  the  ports  of  the  main  sUde-valve,  by 
which  motion  it  closes  the  ports. 

When  a  valve  opens  before  the  piston  has  reached  the  end  of  the 
stroke  it  is  said  to  have  lead.  When  the  journals  of  an  engine 
are  not  well-fitted,  the  engine  will  thump  upon  the  centres,  but  if  the 
valve  has  lead,  the  motion  of  the  piston  toward  the  end  of  the  stroke 
is  resisted  more  gradually  by  the  steam,  and  the  lost  motion  is  taken 
up  gradually,  which  prevents  the  shock  called  thumping.  In  small 
engines  it  is  possible  to  fit  the  journals  so  well  that  there  will  be  no 
thumping,  but  in  large  engines  this  is  impossible. 

lA^itd  is  the  amount  of  opening  a  valve  has  when  the  piston  reaches 
the  end  of  the  stroke,  and  the  lead-angle  is  the  angular-distance  of  the 
crank  from  its  zero  when  this  le/id  commences.  Cushioning  ib  effected 
by  closing  the  exhaust  before  the  piston  reaches  the  end  of  the  stroke 
and  prevents  thumping  in  the  same  manner  as  lead  does.  Engines 
baying'  large  clearance-spaces  at  the  ends  of  the  cylinders,  and  in  the 
ralve-porta,  are  made  to  cu^ivon  \xp  «a  ToeajtV^  ^»  \ftaRiatfsaSck\a  to  the 
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terminal  Gylinder-pressnie^  as  a  matter  of  economy,  and  it  matters 
little  whether  sach  an  engine  has  lead  or  not. 

The  double-ported  slide-valve  is  used  very  extensively  on  marine 
engines.     Fig,  35  is  the  L.  P.  valve  of  the  U.  S.  Steamer  Trenton. 


■  I 


Fig.  85. 

There  are  openings,  or  pockets,  in  the  sides  of  the  valve  a  a\  which 
take  steam  from  the  steam-chest.  As  shown,  the  cylinder  is  taking 
steam  at  &  &',  and  exhausting  at  c  c'  into  the  exhaust-passage  d.  The 
double-ported  valve  is  used  in  preference  to  the  single-ported,  as  it 
effects  the  same  opening  with  less  travel. 

Jilotion  is  communicated  to  the  valve  from  the  shaft,  by  a  device 
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Fig.  87. 


called  an  eccentric,  a  subterfuge  for  a  crank.  There  is  one  eccentric 
for  the  go-ahead  motion  and  one  for  the  backing  motion^  andform^scL^ 
there  was  a  hook  on  each  eccentric  rod,  on©  ot  '7AxL'c^\x'8A\/i\s^'^*2>i^5*s^ 
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on  to  a  inn  on  Uie  valTe-Btem,  to  make  the  d^ine  work.  By  nnhook- 
ing  the  go-ahead  and  hookiiig  en  the  backing-ecoeiitTio  tiie  engine 
wu  reveraed.  Stevenson  joined  the  hooks  and  made  t^e  UjJc,  bo  tbiA 
one  end  of  the  Hifc',  when  over  the  pin  (Hk  pin  is  mrroouded  by  ■ 
sliding-biock  called  the  link-Mock)  put  the  engine  in  the  head-gear,  and 
when  the  other  end  of  the  linlr  la  over  the  pin  the  engine  ie  in  the 
back-gear.  Fig.  38  shows  the  old  hook-motion,  andFig.  STahowBthe 
link-motion  in  the  go-ahead  gear.     It  reqniiee  considerable  power  to 
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throw  the  link  from  one  eitreme  position  to  the  other,  and  to  effect 
this,  reversing  engineB  have  been  devised.  The  beet  reversing  engine 
known  to  tlie  writer  is  the  kind  built  by  the  Messrs.  Cramp,  at  Pbils- 
delphis,  and  applied  to  aU  the  large  marine-«nginee  boilt  by  thai 
Srm.     Fig.  38  will  be  Baf&dan.\i  ia  '-i^nfnAxsiti  ^hn  principle.     If  the 
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lever  L  be  raised  to  the  poedtioii  indicated  by  the  dotted  line,  it  lowers 
the  point  p  of  the  floating-lever  I  to  the  point  p'y  and  opens  the  steam- 
valve  at  l3ie  top  ;  this  forces  the  piston  down,  and  p  now  being  the 
centre  of  motion  of  the  floating-lever  ly  the  point  y  is  elevated  nntil 
the  valve  is  closed.  This  automatic  machine  is  so  regulated  that 
when  the  lever  L  is  thrown  to  its  limit,  the  piston,  and  likewise  the 
link,  will  go  to  the  limit  and  stop  automatically.  With  this  arrange- 
ment it  is  possible  to  handle  the  engines  of  the  largest  steamer  as 
quickly  as  those  of  a  tugboat. 

Slow- working  engines  in  this  country  are  provided  with  poppet- 
valvesy  as  represented  in  Big.  89.     This  is  the  double-poppet,  or 
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balanced  poppet-valve,  so  generally  used  on  our  paddle-wheel  steam- 
ers. The  steam  presses  on  top  of  the  valve  a^  and  tends  to  seat  it, 
while  the  same  pressure  tends  to  lift  h  from  underneath,  but  the  two 
valves  being  secured  to  the  same  stem,  and  the  top  valve  being  a 
little  larger,  there  is  a  preponderance  of  pressure  to  seat  them.  This 
difference  of  size  is  sufficient  to  secure  the  proper  seating  of  the 
valves.  When  the  valves  lift,  the  steam  flows  through  the  port  c  into 
the  cylinder.  It  requires  less  power  to  work  these  valves  than  any 
other  kind,  and  the  loss  by  clearance  in  our  ordinary  beam-eng^e  is 
only  about  half  tiiat  of  the  slide-valve  tugboat  eiigmfiA  \yaill^  \s^  ^2ss& 
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same  firms.     As  the  poppet-valve  depends  on  gravity  to  seat  it,  and 
as  it  must  seat  gradually,  it  is  not  used  on  quick- working  engines. 

Sea-Valves. — Fig.  40  shows  a  section  of  the  injection  and  out- 
board delivery-valves  of  the  gunboat  Nyack.  There  is  not  such 
great  precaution  taken  in  fitting  the  outboard  deli  very- valves  as  in 
the  injections,  as  they  are  near  the  water-line,  and  are  more  acces- 
sible. As  the  water  flows  from  the  delivery,  no  strainer  is  required, 
thus  leaving  the  hole  open,  which  enables  the  engineer  to  plug  it  up 
when  repairs  are  necessary.  For  an  injection-valve  the  hole  is  care- 
fully bored  through  the  wood,  and  then  counter-bored,  conically,  at 
the  outer  end.  A  lining  of  sheet-copper  is  then  put  in,  having  its 
seam  brazed  ;  the  ends  of  this  copper  lining  are  then  flanged  over 
and  secured  to  the  surface  of  the  ship,  both  inside  and  outside.  A 
heavy  brass  pipe,  fitting  this  hole,  is  then  pushed  in,  and  a  washer 
and  nut  on  tiie  inboard  end  pull  it  tightly  in  place.  The  pipe  is 
then  secured  tightly,  at  its  outer  flange,  to  the  ship  by  copper  screws, 
after  which  the  strainer  is  secured  by  screws.  A  flange  is  screwed 
to  the  inboard  end  of  the  pipe,  and  the  valve  bolted  to  this  flange. 
The  outboard  delivery  has  the  same  lining  through  the  wood,  but 
the  chamber  is  bolted  to  the  wood  of  the  ship,  on  the  inside,  by  brass 
wood-screws.  On  large  ships  there  is  a  ring  of  brass  on  the  outside, 
and  the  valve-chamber  is  held  by  through-bolts.  The  *' donkey" 
pumps  and  the  main  bilge-pumps  discharge,  through  a  check-valve, 
into  the  outboard  delivery,  above  the  valve.  It  is  now  the  navy  prac- 
tice to  use  rubber  faces  on  the  injection  and  delivery-valves,  and  to 
make  the  delivery- valve  a  check. 

Where  sea-valves  pass  through  the  vessel  above  the  permanent  fill- 
ing-pieces, there  are  special  filling-pieces  supplied,  that  the  piping 
may  pass  through  solid  wood. 

STEERING  APPARATUS. 

The  use  of  steam  for  steering  ships  is  of  comparatively  recent 
origin,  but  it  has  proved  satisfactory,  and  there  is  indication  of  its 
coming  into  general  use.  An  engine  for  this  purpose  must  be  of 
such  simple  construction  that  skilled  labor  is  not  essential  for  its 
«uccessfui  operation;  it  must  be  certain  in  its  action,  it  must  be 
noiseless,  and  automatic  to  a  certain  extent ;  that  is,  it  ixl\s&^  >^w&V:k. 
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tbe  helm  oveE  a  nnmbei  of  degrees  depending  on  the  ToUtJon  of 
the  man  at  the  wheel,  and  mnat  stop  aatomatic^y  nhen  tbtt 
angle  is  aocompliahed.  It  mast  be  so  arranged  that,  in  the  event  of 
accident  to  the  steam-engine,  it  can  be  detached  and  the  hand 
gear  thrown  into  use  in  a  moment.    Fig.  41  is  a  longitDdinalTievroI. 
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Fib.  41. 

a  steam  steering  and  hand-power  machijie,  combined ;  the  right  hind 
showing  an  elevation  and  tlie  left  band  a  sei  tion.  The  steam  steeT- 
ing-wheel  /*  communicatea  motion  to  the  steam  ceTerging  valve  V, 
through  the  intervention  of  the  shaft  ",  gear  wheels  Q  and  g,  tbs 
nut  »  on  tbe  screw  !,  and  through  the  floating  lever  L.     When  thi 
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valve  V  is  opened  the  engine  E  revolves,  and  through  the  friction 
(noiseless)  gear- wheels  revolves  the  drum  D,  on  w^^ich  the  tiller 
ropes  are  coiled ;  but  when  the  drum  D  revolves,  its  prolonged  axis, 
8,  on  which  there  is  a  screw  aud  a  nut,  N,  also  revolves  and  moves 
the  floating  lever  L  so  as  to  stop  the  engine  E,  and  it  is  so  propor- 
tioned that  one  revolution  of  the  wheel  h  will  cause  one  revolution 
of  the  hand-wheel  H,  at  which  moment,  the  valve  Y  being  closed, 
the  machine  stops  itself. 

By  withdrawing  the  key  K,  the  friction-wheel  F  becomes  loose 
upon  the  drum,  and  steering  may  be  done  by  hand,  entirely  inde- 
pendent of  the  power  gearing. 

disthiIiEd  water. 

Since  the  introduction  of  distilling  apparatus  on  board  the  ships 
of  the  navy,  diarrhoea  has  diminished  more  than  fifty  per  cent. 
This  arises  from  the  uniform  quality  of  the  water,  for  men  are  fre- 
quently attacked  by  a  temporary  diarrhoea  from  simply  a  change  of 
water.  Ships  taking  water  from  various  ports,  even  though  great 
care  be  exercised,  are  almost  certain  to  get  bad  water  once  in  a 
while.  Gibraltar  has  a  much  frequented  harbor,  and  ships  stopping 
there  almost  invariably  take  in  water.  The  water  is  drawn  from  a 
well  on  the  neutral  g^round.  Before  the  well  was  sunk  there  was 
always  water  found  in  digging  new  graves  in  the  adjacent  cemetery, 
but  since  that  event  the  graveyard  is  dry.  It  is  not  necessary  to 
add  that  the  well  has  drained  the  cemetery.  Hard  rains  some- 
times cause  a  rise  of  water  in  the  sewers,  in  our  large  cities,  and 
the  head  of  water  being  greater  than  that  in  the  adjacent  springs 
and  wells,  there  is  a  leakage  of  sewage  through  the  soil  into  the 
wells,  and  the  water  is  contaminated.  This  happened  in  a  suburb 
of  Philadelphia,  only  a  few  months  since,  which  resulted  in  an  epi- 
demic of  typhoid  fever.  The  head  of  water  in  the  sewer  was  greater 
than  that  in  the  spring  for  only  a  few  hours,  and  the  sewage  had  to 
percolate  through  about  ten  (10)  feet  of  soil,  besides  the  brick  lining 
of  the  sewer,  before  it  reached  the  spring.  This  spring  had  supplied 
the  neighborhood  with  water  for  many  years,  and  no  suspicion  rested 
on  it  until  the  eminent  chemist  Dr.  Haines  made  analyses.  Any  ap- 
paratus which  will  condense  the  steam  from  thft  bQ\Vex^\\X:i<^'vii;»^s>ick.- 
ing  skDjthijjgr  else  with  it  wiU  make  fresli  watex,\>\xX»^^\»H5^^t^sa»^ 
31 
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lie  in  tanks,  exposed  to  the  air,  for  some  days  before  it  is  fit  to 
drink.  It  contains  oiganio  matter  which  the  air  must  have  time  to 
oxidize,  and  it  is  tiat  and  insipid  from  the  want  of  aeration. 

The  cost  of  distilled  water  at  sea  depends  on  the  cost  of  the  coal 
used,  and  on  the  efficiency  of  the  boiler,  and  ia- entirely  independent 
of  the  kind  of  distiller  used. 

The  average  price  paid  for  coal  for  the  navy^  the  world  over, 
from  1869  to  1877,  was  flO.32  per  ton,  or  (ii^JS)=TV\j  cents  per 
pound. 

The  eyaporative  power  of  marine  boilers  is  from  7  to  12  pounds  of 
water  per  pound  of  coal,  and  the  distilling  apparatus  is  proportioned 
to  condense  all  the  vapor  its  pipe  will  bring. 

A  gallon  of  distilled  water  weighs  8^  pounds,  and  assuming,  for 
example,  that  a  boiler  evaporates  7  pounds  of  water  per  pound  of 
coal,  a  gallop  of  water  will  cost  (8^-1-7=)  l-/r  pounds  of  coal,  or 
(l-/r  X  T*(/iff=)  tWu  cents.  Adding  to  this  the  loss  incurred  in  blow- 
ing the  boiler,  which  will  not  exceed  20  per  cent.,  we  have  acosi 
of  0.656,  a  little  over  -j^  of  a  cent  per  gallon. 

A  ton  of  distilled  water  will  occupy  85.84  cubic  feet,  and  a  ton  of 
coal  will  distil  (7— (^  x  7)=)  5.6  tons  of  water.  A  ton  of  coal  occu- 
pies about  42  cubic  feet,  so  that  by  carrying  coal  instead  of  water 
we  save  space  in  the  ship  for  other  things  in  the  ratio  of  5.6  to  1 ; 
or,  instead  of  carrying  195.1  cubic  feet  of  water,  will  carry  42  cubic 
feet  of  coal,  leaving  153. 1  feet  for  cargo. 

Freshly  distilled  water  has  a  flat,  insipid,  oleaginous  taste,  but 
becomes  sweet  and  potable  in  from  ten  to  fifteen  days'  exposure  to 
the  air.  Its  potability  may  be  hastened  by  artificial  aeratiou,  and 
'lis  may  be  done  by  a  fountain,*  by  blowing  air  into  the  tanks, "^  or 
/  the  patented  aerator,  which  forces  the  air  into  the  steam  before 
condensation.  The  first  and  second  methods  require  to  be  oft  re- 
peated, and  much  time  is  necessary  before  the  aeration  is  sufficient 
!  The  organic  matter  brought  into  the  still  by  the  steam  is  oxidized 
by  the  great  quantity  of  hot  air  present,  as  induced  by  the  patented 
aerator,  and  is  put  in  a  condition  to  be  removed  by  a  proper  filter. 
By  placing  the  aerator  some  distance  from  the  still,  and  by  the  addi- 
tion of  a  small  quantity  of  oxygen  gas  to  the  air  used,  the  water  has 
been  made  so  good  that  it  was  difficult  to  disting^uish  it  from  by- 
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drant  water ;  but  the  cost  and  complication  incident  to  this  method 
has  decided  the  inventor  to  use  the  pure  air  alone.  By  this  simple 
method  the  water  is  distilled  pure  and  sweet  enough  to  drink  at 
once,  and  after  it  has  been  made  twelve  hours — long  enough  for  any 
solid  matter  to  precipitate — it  has  the  taste  of  hydraiit  water. 

Fig.  42  is  a  section  through  the  condenser,  aerator,  and  filter,  which 
has  been  generally  adopted.  The  steam  enters  the  aerator  at  a,  and 
is  thrown  into  the  coils  B  through  G,  in  an  annular  jet.  Atmospheric 
air  is  induced  through  the  pipe  £,  and  misses  with  the  steam  before  it 
reaches  the  coils.  In  the  coils  (which .are  of  block  tin)  the  steam  is 
condensed,  and  incloses  and  absorbs  air  to  its  saturation.  The  shell 
of  the  condenser,  of  cast  iron,  is  made  annular  (to  improve  the  cir- 
culation), and  the  circulating  water  enters  at  d  and  passes  out  at  e. 
The  fresh,  aerated  water  flows  through  /  into  the  filter  F,  which 
contains  granulated  animal  charcoal  which  has  been  chemically  puri- 
fied for  this  purpose.  A  pipe  at  g  carries  the  water  to  a  meter,  and 
it  flows  thence  to  the  tanks.  This  apparatus  is  built  by  the  I^vid- 
son  Pump  Company,  at  41  to  47  Keap  street,  Brooklyn,  and  is  pa- 
tented. 

KINDS  AND  TYPES  OF  ENGINES. 

There  are  recognized  two  kin ''s  of  steam-engines :  the  non-con- 
densing and  the  condensing.  These  are  subdivided  into  single-ex- 
pansion and  double-expansion  or  compound  engines. 

The  non-condensing  engine  exhausts  into  the  atmosphere,  and 
works  against  that  pressure,  and  it  may  be  either  single  expansion 
or  compound. 

The  condensing  engine  exhausts  into  a  condenser,  where  the  pres- 
sure of  the  atmosphere  is,  as  nearly  as  possible,  removed.  The  con- 
densing engine  may  also  be  either  single  expansion  or  compound. 

The  arrangement  of  the  relative  parts  of  an  engine  constitutes  its 
type. 

Fig.  43  is  a  side-lever  engine. 

Fig.  44  is  a  half-beam  or  half -lever  engine. 

Fig.  45  is  an  over-head  beam  engine. 

Fig.  46  is  a  vertical  oscillating  engine. 

Fig,  47,  inclined  oscillatmg  en^m^. 
Fig.  48,  horizontal  direct-actms^^^^- 
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Fig.  49,  vertioal  direct-acting  engine. 
Fig.  50,  inverted  direcb-acting  engine. 
Fig.  51,  inclined  direct-acting  engfine.  , 
Fig.  52,  direct-acting,  inclined  downward. 
Fig.  53,  horizontal  back-acting. 
Fig.  54,  horizontal  trunk. 
Fig.  55,  vertical  half -trunk. 
Fig.  56,  inverted  half -trunk  engine. 

Of  these  there  are  three  types  in  extensive  nse  in  our  marine. 
The  over-head  beam  engine  (Fig.  45)  is  nsed  largely  on  board  onr 
river  steamers,  the  beam  being  a  skdeton  beam  instead  of  a  solid 
beam,  as  shown. 

The  inverted  direct-acting  engine  (Fig.  50)  is  used  almost  exclu- 
sively for  mercantile  screw-propeller  vessels,  from  the  largest  ocean 
steamer  to  the  harbor-tug. 

The  horizontal  back-acting  engine  (Fig.  53)  is  the  type  principally 
used  in  the  screw-propeller  ships  of  war  of  aU  nations. 

PUMPS. 

Independent  pumping  engines  are  now  used  on  board  all  steam- 
ships, and  on  board  nearly  all  steamboats.  A  '^donkey-pump" 
should  have  a  valve-gear,  which  will  cause  it  to  start  from  any 
position  by  merely  opening  the  throttle.  In  the  Davidson,  Cameron, 
and  Blake  pumps  this  is  accomplished  by  a  *'  steam-actuated  valve," 
bnt  in  the  Worthington  duplex  by  a  positive  valve  motion,  by  usmg 
a  pair  of  pumps,  the  valve  of  one  steam  cylinder  being  moved  by 
connections  from  the  piston-rod  of  the  other. 

The  makers  of  first-class  pumps  are  now  using  on  the  water-end 
a  large  number  of  small  valves,  and  have  found  the  pumps  so  con- 
structed to  throw  more  water  than  by  using  a  smaller  number  of 
large  valves  of  the  same  aggregate  area.  They  not  only  throw 
more  water,  but  the  valves  require  less  lift,  and  consequently  pro- 
duce less  shock  in  seating. 

This  is  correct  for  clean  water,  particularly  where  the  pump  is 
working  against  great  pressure ;  but  for  a  bilge-pump  it  is  objec- 
tionable, because  dirt,  chips,  small  pieces  of  boiler-felt,  waste^etc.^ 
which  clog  up  the  small  water- valves  would  pasa  XXixcsvx!^  \»5m^ 
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valves.  This  dirt  may  be  arrested  by  a  strainer  (preferably  a 
bnsket-strainer),  but  if  the  holes  in  the  strainer  be  made  very  small, 
it  will  be  constantly  choking  up. 

There  should  be  at  least  two  donkey-pnmps  on  every  ste^uner,  and 
one  should  be  a  special  clean-water  pump,  and  the  other  a  special 
bilge-pump.  Both  should  be  piped,  as  liiey  are  now,  for  all  work, 
but  not  used  for  other  work  than  that  for  which  they  are  intended, 
except  in  emergencies.  It  is  an  unwritten  law  among  engineers 
never  to  let  the  donkey  feed-pump  be  used  for  any  purpose  except 
feeding  the  boilers  or  for  fire  purposes ;  and  when  it  is  known  how 
easy  it  is  to  choke  up  a  pump  with  bi^e  dirt,  and  also  how  embar- 
rassing it  is  to  an  engineer  to  find  the  donkey  feed-pump  refuse  to 
feed  the  boiler,  we  must  respect  that  unwritten  law.  A  careful  en- 
gineer will  always  wash  out  his  pump  by  pumping  sea- water,  after 
having  pumped  the  bilge,  and  this  should  never  be  neglected.  The 
Davidson  Pump  Company  make  their  water-valve  openings  exceed- 
ingly large,  and  put  in  the  kind  of  valves  according  to  the  duty 
required  of  the  pump.  One  kind  of  valve  is  used  for  hot-water,  an- 
other for  cold  (clean)  water,  and  still  another  kind  for  bilge-water. 
All  pump-builders  use  a  brass  Hning,  brass  valve-seats,  and  brass- 
covered  rods  in  the  water-ends  of  pumps  to  be  used  for  sea-water. 
The  steam  end  of  the  improved  pumps,  puch  as  the  Davidson 
and  the  Worthington,  are  so  perfectly  made  now  that  they  can 
be  throttled  down  to  one  stroke  a  minute,  with  a  certainty  of  con- 
tinuous running  so  long  as  the  steam  is  supplied,  and  the  steam- 
thrown  valves  are  so  nicely  adjusted  that  when  the  piston  reaches 
the  end  of  the  stroke  the  steam- valve  will  then  be  **  thrown"  from 
one  full  opening  to  the  other.  With  such  perfect  pumps,  orderfd 
for  special  purposes,  the  unwritten  law  must  soon  become  a  * '  dead 
letter,"  and  the  steam-pumps  used  for  washing  decks  and  for  all 
other  purposes  whereby  labor  can  be  saved. 
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SPEED  TRIALS. 
Measured  Mile. 

To  determine  the  true  speed  of  a  vessel  when  the  runs  are  taken 
on  the  measured  mile,  half  the  number  of  runs  being  taken  with 
the  tide,  and  half  against  the  tide. 

Bulb. — Find  the  means  of  cansecutvoe  speeds  continticUIy  found^ 
until  only  one  remains, 

EXAMFLB. 


Rnns. 

KnotA. 

iKt  means. 

2d  means. 

3d  means. 

4th  means. 

Mean  of 
means. 

let 

15.4 

2d 

lU.l 

12.75 

12.475 

2d 

14.3 

12.20 

12.425 

12.45 

12.425 

4th 

12.66 

12.40 

12.46875 

11.0 

12.375 

12.36875 

True  mean 

5th 

13.2 

12.10 

12.300 

12.3875 

speed. 

fith 

12.50 

11.8 

6)75.8 

4)4fl.675 

12.39o75,  Ordinary  mean  of  second  means.* 

12  633,  < 

Ordinary  mear 

I  speed. 

*  The  ordinary  mean  of  second  means  is  generally  taken  as  sufficiently  accnrate. 

Speed  of  the  Ourrent. — To  find  the  speeds  of  the  current  in  the 
line  of  the  ship's  course  during  her  speed  trials. 

Bulb. — Find  the  differences  between  the  real  speed  of  tlie  ship^  and 
her  observed  speeds  on  the  mile  durifig  the  several  runs, 

EXAHFLB. 


Bens. 

Observed 
Speed. 

Real  speed. 

Differences. 

Ist 

15.4 

12.469 

2.931 

Knots  with  the  ship. 

2d 

10.1 

12.469 

2.369 

'*     against  "       " 

3d 

14.3 

12.469 

1.831 

"       with     "      " 

4th 

11.0 

12.469 

1.469 

"     against  •'      " 

5th 

13.2 

12.469 

Tin 

"        with     "       " 

6th 

11.8 

12.469 

fe7« 

\      '■''       «L?.v\Wfc\.  ^"^        ^^ 
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Sea  Trials. 

To  determine  the  true  mean  speed  of  a  vessel  when  the  distance  run 
is  great. 

Bulb  1. — Caloulate  the  appaxenb  speed  of  each  run  as  Qsaal,  by 
dividing  the  distAnce  by  the  time,  and  g^oup  them  in  sets  of  three : 
for  example,  1,  2,  3 ;  2,  3,  4;  8,  4,  5  ;  eta 

Bulb  2. — Each  set  of  three  in  to  be  treated  as  follows  :  Find  the 
two  intervals  of  time  between  the  middle  instants  of  the  first  and 
second,  and  of  the  second  and  third  runs  of  the  set ;  reduce  those 
intervals  to  the  corresponding  angular  intervals  bj  the  foUowing 
proportion :  As  12  h.  24  m.  (the  mean  duration  of  a  tide)  is  to  a  given 
interval  of  time,  so  is  360"*  to  the  corresponding  angular  intervfJ. 

Bulb  3. — Multiply  the  first  apparent  speed  by  the  co-secant  of 
the  first  angular  interval ;  the  second  apparent  speed  by  the  sum  of 
the  co-tangents  of  the  two  angular  intervals;  the  third  apparent 
speed  by  the  co-secant  of  the  second  angular  intervaL 

Rule  4. — Add  together  the  products,  and  divide  the  sum  by  the 
sum  of  the  before -mentioned  multipliers ;  the  quotient  will  be  a 
speed  from  which  tidal  effects  have  been  eliminated. 

Rule  5. — Add  together  the  velocities  deduced  from  the  sets  of 
three  runs,  and  divide  by  their  number  for  a  final  mean. 

Note. — When  an  interval  elapses  of  more  than  a  quarter  of  a  tide,  or  3  h.  6  in.,  be- 
tween the  middle  instant  of  the  two  runs  of  a  set,  certain  multipliers  and  prodacts 
must  be  siibtracted.  The  following  example  will  serve  to  determine  whether  these 
eertain  multipliers  are  to  be  taken  as  positive  or  negative. 

Example. 
Time.  Angles.  Co-iec,      Co4ang. 

Between  Oh.    0 m.  and   8 h.   6m... .Between   U^ and   90^ Positive.     Positive. 

"      3h.    6m.    "     6h.l2m....         "      90°   "    ISO" "  Negative. 

"      6h.  12m.    "     9h.  18m....        "     180»   "   270o Negative.    Positive. 

"      9h.  18m.    "    24h.24m....        "     270«   "   360» "  Negative 


Sec.  IX.  TURNING  OF  SHIPS.  4»5 


REMARKS  ON  THE  TURNING  OF  SHIPS. 
Compiled  from  Various  Sources. 

The  curve  traversed  by  a  steamer  in  turning  differs  very  little 
from  a  true  circle  if  the  evolution  is  performed  in  smooth  water  and 
light  winds.  It  appears  to  bring  most  ships  about  one  breadth  of 
the  ship  within  a  true  circle  when  they  have  turned  completely 
round  and  regained  the  course  upon  which  they  were  steaming  when 
the  helm  was  put  over. 

The  diametei'  of  the  circle  has  been  found  to  vary  between  six  and 
eight  times  the  length  of  the  ship  when  ordinary  rudders  have  been 
used  with  manual  power  at  the  wheel. 

With  balanced  rudders  the  diameter  has  been  reduced  to  four  or 
five  times  the  length.  With  steam  steering-gear,  the  diameter  has 
been  about  four  times  the  length,  and  with  balanced  rudders  has 
fallen  to  three  times  the  length.  As  the  speed  is  reduced  the  diam- 
eter of  the  circle  usually  becomes  smaller  in  ships  with  ordinary 
rudders  and  manual  power  at  the  wheels,  but  with  balanced  radders 
or  steam-steering,  where  there  is  no  sensible  difference  in  putting 
the  helm  hard  over  at  the  different  speeds,  there  is  comparatively 
little  difference  between  the  circles  turned  at  full  and  half  speed. 

JsSSect  of  the  Rudder  in  Turning  a  Ship. — Suppose  a  vessel  to  be 
advancing  on  a  straight  course  when  the  helm  is  put  over.  At  once 
there  is  developed  a  pressure  on  the  rudder,  the  magnitude  of  which 
increases  as  the  helm  angle  becomes  larger. 

This  pressure  may  be  resolved  into  two  components,  one  acting 
parallel  to  the  keel,  and  the  other  acting  perpendicularly  to  it.  The 
latter  component  is  generally  the  larger,  but  it  has  opposed  to  it  the 
greaX  force  of  lateral  resistance,  and  can  cause  but  a  small  angle  of 
drift.  The  longitudinal  component,  on  the  contrary,  may  exercise 
considerable  effect  in  checking  the  speed  of  the  ship. 

Finally,  when  the  helm  is  hard  over  and  held  at  a  constant  angle, 
the  ship  will  be  found  to  be  turning  in  a  path  which  will  be  nearly  a 
circle,  and  is  sometimes  treated  as  if  it  were  a  circle.  Her  speed 
will  be  somewhat  less  than  it  would  be  if  she  were  standing  on  a 
straight  course  with  the  same  engine-power,  and  her  ends  will  be 
turning  about  the  vertical  axis  passing  through  the  centre  of  ^r&vit^^ 
with  a  nearly  uniform  angular  velocity.    An mcte««fii Vcv  >iX!k&  xx^^^^st. 
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area  is  most  inflaentlal  in  diminishing  the  space  trayersed  in  tam- 
ing ;  and  this  decrease  may  be  of  great  value  to  a  ship  intended  to 
act  as  a  ram.  This  increased  area,  however,  may  in  some  cases  check 
the  headway  so  much  as  to  greatly  lengthen  the  time  of  completing 
the  circle. 

The  Most  Effective  Helm- Angle. — From  experiment  it  is  found 
that,  up  to  40°  at  least,  increasmg  the  helm-angle  gives  greater  speed 
of  turning,  and  a  smaller  diameter  of  circle. 

The  time  occupied  in  putting  the  helm  hard  over  exercises  great 
influence  on  both  the  time  occupied  in  turning  the  circle  and  its 
diameter ;  but  more  particularly  affects  the  latter. 

Effect  of  Screw. — All  single-screw  steamers  turn  more  quickly  to 
one  side  than  to  the  other  under  similar  helm-angles.  With  well- 
immersed  screws  the  rule  is  that  the  bow  turns  toward  that  side  to 
which  the  descending-blade  falls ;  with  light-draught  vessels  the  re- 
verse obtains. 

"When  ^oing  astern,  the  bow  of  a  heavy  ship  with  a  left-handed 
screw  will  still  turn  to  port ;  the  accepted  explanation  of  this 
anomaly  is  that  in  going  ahead,  owing  to  the  dead  water,  the  upper 
blade  has  more  thrust  than  the  lower,  having  less  slip.  In  going 
astern,  the  lower  blade  has  the  most  effect. 

With  the  same  angle  of  helm  and  same  time  occupied  in  putting 
the  helm  hard  over,  the  time  of  completing  the  circle  appears  to 
vary  nearly  inversely  as  the  speed. 

The  following  are  the  published  results  for  the  Warrior  and  Her- 
cules: 


Wabbiob. 


Speeds. 


I     Times  of 
turuin?  circle. 


Products  of 
speeds  by  times. 


mill. 

8CC. 

o 
»1 

5J8 

46 

« 

15 

£0 

9 

10 

40 

12 

a 

45 

m 

1 

7 

21 

80.3 

5)6 
105 
104.1 


Speeds. 


w 


6 

8 
10 

121 
14.7 


Hebcui.es. 


Times  of 


Products  of 


!  turning  circle,  speeds  by  times. 


mm. 

sec 

9 

.:2 

7 

2t 

6 

22 

4 

28 

4 

0 

67.2 
.58.8 
63.6 
54.3 
58.8 
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The  above  rule  may  be  used  in  approximating  to  the  time  that 
will  be  occnpied  iu  taming  at  any  selected  speed  when  the  perform- 
ance at  some  other  speed  is  known. 

Real  Path  of  the  Ship. — The  path  of  the  ship  is  found  to  be  a 
spiral,  as  in  the  figure  below,  and  according  to  Admiral  Bourgois,  of 
the  French  navy,  the  motion  becomes  practically  uniform  when  the 
ship  has  turned  through  90°.  According  to  Mr.  White,  however,  this 
does  not  take  place  until  the  ship  has  turned  360^, 


Fig.  1. 


The  angle  A  S  E  is  the  drift  angle. 

The  following  definitions  are  given  by  Captain  Colomb,  of  the 
Royal  Navy :  In  the  *'  circle"  P  C  D  F,  P  is  the  origin  of  ordinates 
on  the  spot  when  the  helm  is  put  hard  down. 

P  E  is  the  '*  tactical  diameter y^"*  or  the  distance  between  the  two 
courses  when  the  original  course  is  reversed. 

C  is  the  point  at  which  a  curve  of  90°  will  have  been  described. 

P  G  and  C  G  will  be  the  co-ordinates  of  that  point. 

C  G  will  be  the  **  advavce^^''  or  the  distance  the  ship  will  have  ad- 
vanced toward  an  object  or  shore  ahead. 

P  G  will  be  the  '*  trant^er,^'*  which  will  be  rather  more  thwa.  \^^1 
the  tactical  diameter. 

82 
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F  D  is  the  ^^ final  diamster,^^  Obviously  the  tactical  diameter,  '^  ad- 
wince"  and  ^*  trantfer^^  are  of  the  highest  importance  to  a  ram,  and 
they  should  be  known  for  every  ship.  The  drift  angle  is  the  angle 
between  the  tangent  of  the  circle  and  the  keel  lines  of  the  ship.  This 
drift  angle  is  said  to  be  the  principal  canse  of  the  decrease  of  speed, 
and  the  rudder  pressure  has  little  to  do  with  it. 

Owing  to  the  drift  angle,  it  is  incorrect  to  assume  that  the  ship  has 
passed  a  quarter,  half,  or  whole  circle  when  the  ship^s  head  has 
turned  through  90%  180%  or  800*  respectively. 

The  following  table  gives  the  drift  angle  of  the  Thunderer  with  a 
constant  helm  angle,  but  with  variations  in  the  si)eed : 


Si)eed  on  straight  conrRe. 


8.2  knots  . 

94  knots.. 
10.4  knots  . 
11.14  knots 


Diameters  of  circles  (feet). 


Stem. 

1,410 

1,846 

1,340 

1,340 


The  Thunderer  ie  a  double-screw  ship. 

The  angle  of  heel  is  due  chiefly  to  centrifugal  force.     This  angle 
varies,  according  to  Mr.  White. 

1.  Directly  as  the  square  of  the  speed  of  the  ship. 

2.  Inversely  with  the  metacentric  height. 

3.  Inversely  with  the  radius  of  the  circle. 

The  reduction  in  speed  may  be  taken  at  three  lengths  of  the  ship. 


Turning  Trials  with  Twin-screw  Vessels. 

In  turning  trials  with  twin-screw  vessels,  the  following  conda* 
slons  have  been  established  : 

That,  with  ordinary  rudders,  such  vessels  can  be  steered  as  eflB- 
ciently  as  single-screw  ships  when  both  screws  are  working  full 
speed  ahead. 

"With  balanced  rudders  in  some  ships  better  performances  have 
been  obtained  than  with  aV&\»x  «S[i\^^  ^t»t«d  with  ordinary  rudders. 
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For  example,  the  Iron  Duke,  with  twiu-screws  and  the  ordinary 
rudder,  occupied  4  minutes  37  seconds  in  completing  a  circle  505 
yards  in  diameter  ;  her  sister  ship,  the  Invincible,  with  the  balanced 
rudder,  occupied  4  minutes  and  20  seconds,  and  turned  in  a 
circle  825  yards  in  diameter.  In  the  case  of  the  Resistance,  a  single 
screw  ship  of  the  same  length  and  displacement,  with  an  ordinary 
rudder,  6^  minutes  were  occupied  in  turning  a  circle  GOO  yards  in 
diameter,  and  although  some  part  of  her  slowness  in  turning  may 
be  attributed  to  Ler  lower  speed,  her  performance  on  the  whole  was 
much  inferior  to  that  of  the  twin-screw  vessels. 

With  the  helm  amidships,  one  screw  working  full  speed  ahead, 
and  the  other  full  speed  astern,  the  twin-screw  vessels  can  be  turned " 
apan  their  own  centres,  but  the  time  occupied  is  considerably  greater 
than  when  both  sczewB  axe  working  ahead  and  the  rudder  is  used. 
Again,  when  the  screws  are  working  in  oppo^te  directions  as  before, 
if  the  helm  is  put  hard  over,  the  time  of  turning  is  generally  greater 
than  when  both  screws  are  working  ahead  and  the  rudder  is  em- 
ployed, but  less  than  when  the  vessels  are  turned  by  the  action  of 
the  screws  alone ;  and  the  vessels  turn  nearly  upon  their  centres. 
For  example  :  The  Captain  took  5  minutes  24  seconds  to  complete 
a  circle  of  750  yards  diameter,  with  helm  hard  over,  and  both  screws 
working  full  speed  ahead,  as  against  6  minutes  52  seconds  with  the 
screws  working  in  opposite  directions,  when  she  turned  nearly  on 
her  centre.  When  one  screw  is  stopped  and  the  other  is  worked 
full  speed  ahead,  with  the  rudder  hard  over,  vessels  can  be  turned 
somewhat  more  slowly  than  when  both  screws  are  working  ahead, 
but  the  relative  diameters  of  the  circles  described  under  the  two 
conditions  are  undetermined. 

With  one  screw  only  at  work  and  the  helm  amidships,  the  vessel 
can  be  turned  completely  round,  but  the  time  of  turning  and  diam- 
eter of  the  circle  are  both  very  large.  To  a  vessel  of  which  the  rud- 
der and  one  screw  had  been  damaged,  even  this  turning  power 
might  prove  of  service. 

The  shafts^  in  twin-screw  ships,  are  commonly  placed  parallel  to 
one  another  and  to  the  keel ;  but  it  has  been  suggested  that  advan- 
tage in  steering  might  result  from  making  shafts  diverge  from  one 
another,  in  order  to  increase  the  leverage  of  thrust  of  either  propel- 
ler about  the  centre  of  gravity. 

This  plan  has  been  adopted  in  the  Faraday,  a  eXieacoiet  XsvsSi^  ^^"^ 
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the  purpose  of  laying  telegraph  cables,  and  therefore  requiring  great 
handiness  under  all  conditions  of  wind  and  sea.  It  has  proved  yeiy 
successful,  and  it  is  said  that  with  the  rudder  locked  amidships 
some  of  the  most  delicate  operations  in  laying  and  splicing  cables 
were  performed  in  a  rough  sea  and  strong  wind,  the  ship  being  ma- 
noeuvred by  the  screws  alone. 

The  shafts  in  this  vessel  diverge  from  parallelism  with  the  keel  by 
being  at  a  grater  distance  from  it  at  their  forward  ends  than  at  the 
after  ends ;  abreast  of  the  centre  of  gravity  the  distance  between 
the  lines  of  the  shafts  is  about  forty  feet,  while  near  the  propellen 
the  distance  is  about  half  as  great.  Another  interesting  fact  in  the 
management  of  this  vessel  is  that  in  order  to  maintain  her  position 
with  wind  or  sea  on  the  beam  the  two  propellers  were  often  worked 
at  different  speeds  and  frequently  in  opposite  directions. 

Time  and  Diameter  of  Circle  of  Turning  of  the    Iiord 
Warden  at  Plymouth,  September,  1867. 


Speed. 

Taming  to 

Angle  of 
helm. 

Deg. 

Time  of 
circle. 

Diameter  of 
circle. 

Remarks. 

«1.       H* 

Feet. 

Length    of    ship. 

5 

Starboard 

26 

0    08 

1,473 

280  feet. 

5 

Port 

25 

10    02 

1,494 

Ordinary    radder 

6 

Starboard 

36 

8    15 

1.179 

and     hand-steering 

5 

Port 

86 

8    58 

1,158 

gear. 

8 

Starboard 

25 

6    16 

1,669 

Left-handed  four- 

8 

Port 

25 

6    40 

1,560 

bladed  ecrew. 

8 

Starboard 

86 

5    48 

1.428 

8 

Port 

86 

5    50 

1,242 

12 

Starboard 

25 

5    01 

1,668 

12 

Port 

25 

5    07 

1,527 

12 

Starboard 

36 

4    86 

1.668 

12 

Port 

86 

3    4« 

1,257 

It  wUl  he  seen  that  the  diameter  of  her  cirele  was  4.1  times  her 
length  at  a  speed  of  5  knots^  and  at  \2  knots  speed  was  4.5  Umes  her 
length,  the  times  being  Sm.  53».  andSm.  49s,  respectivdp. 

In  general  we  may  assume  the  ordinary  man-of-war  to  turn  in 
4^  times  her  length  at  high  speed,  and  a  double-screw  ship  in  four 
times  ber  length. 
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A  Practical  Method  of  Measuring  the  Circle  described  by  a 

Ship. 

{F,  Martin,) 

The  small  portable  fittings  to  be  used  on  the  occasion  are  shown 
in  Fig.  2.  A  is  a  quadrant  with  the  degrees  carefully  marked  on  a 
piece  of  wood«  which  is  secured  on  the  ship's  rail,  with  its  inner 
edge.  A  B,  kept  parallel  to  the  middle  line  of  the  ship  ;  G  is  a  batten 
about  four  feet  long  and  three  inches 
broad,  with  two  upright  wire  sights, 
S  S,  one  on  each  end,  about  eight 
inches  long.  The  batten  is  placed  on 
the  quadrant  with  the  centre  of  one 
end  coinciding  with  the  centre  of  the 
quadrant,  and  fixed  with  a  p  n  through 
the  centre  so  that  it  can  reyolve. 

A  base  (A  B,  Fig.  3)  is  set  off  in  a 
fore-and-aft  direction  of  any  conve- 
nient length,  and  at  its  foremost  ex- 
tremity a  straight  batten,  D,  is  fixed 


18 


8 


Fio.  2. 


Fio.  3. 


vertically  to  the  ship's  side,  extending  a  few  feet  above  the  rail. 
The  same  arrangement  is  carried  oat  on  each  side  of  the  ship,  and  a 
line  joining  the  edges  of  the  battens  D  D  must  be  at  right  angles*  to 
the  middle  line  of  the  ship. 
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When  the  helm  is  hard  over,  and  the  ship  has  fairly  commenced 
her  circular  course,  throw  oyerboard  a  rough  wood  box,  about  a  foot 
square  and  painted  black ;  as  the  ship  moves  onward  the  box  re- 
mains nearly  stationary  on  the  water,  till  presently  the  ship  has  de- 
scribed a  semicircle,  which  is  known  by  the  two  battens  D  D  and 
the  box  coming  into  the  same  straight  line.  At  that  instant  the  bat- 
ten  G  is  made  to  revolve  till  the  two  wire  sights  S,  S,  and  the  box  are 
in  the  same  straight  line;  the  angle  A  is  then  known,  being  denoted  by 
the  batten  0  on  the  quadrant  The  angle  B  is  a  right  angle,  and  the 
base  A  B  being  known,  then  B  O  =  tangent  A  x  B  A,  to  which  must 
be  added  twice  the  breadth  of  the  ship  for  the  greatest  space  occu- 
pied by  her  in  describing  the  circle.  JSxample :  If  the  angle  A=80° 
15',  and  the  base  B  A=90  feet,  and  the  breadth  of  the  vessel  =40 
feet,  then  the  greatest  space  occupied  by  her  in  describing  the  circle 
is  =(90 X  5.81965)-!-(3  x 40)=603.768  feet. 

WAVES. 
Deep  Sea  Waves.* 

Many  attempts  have  been  made  to  construct  a  mathematical 
theory  of  wave  motion,  and  thence  to  deduce  the  probable  behavior 
of  ships  at  sea;  and  the  diversity  of  these  theories  affords  ample 
evidence  of  the  difficulties  of  the  subject. 

Without  attempting  any  account  of  the  earlier  theories,  it  is  pro- 
posed to  explain  the  main  features  of  the  modem  or  trochoidal 
theory  for  waves. 

Let  it  be  supposed  that,  after  a  storm  has  subsided,  a  voyager  in 
^  mid-ocean  meets  with  a  series  of  waves  all  of  which  are  approxi- 
mately of  the  same  form  and  dimensions  ;  these  would  constitute  a 
,  single  series  such  as  the  trochoidal  theory  contemplates. 

it  is  not  supposed,  however,  that  an  ordinary  seaway  consists  of 
such  a  series  of  waves  ;  on  the  contrary,  more  frequently  th.^!!  other- 
wise, two  or  more  series  of  waves  exist  simultaneously,  overriding 
one  another,  and  causing  a  confused  sea,  successive  waves  being  of 
unequal  size  and  varying  form.  But  sometimes  the  conditions  as- 
sumed are  fulfilled — a   well-defined  regular  series  of  waves  is  met 

*  Portions  ol  these  remaxks  arc  ^Tovi\\X\cvvxVdxv^^'iCilFt:oude^  Rankine,  and  White; 
'*  rmnsacfcions  of  the  IiLstitut\ou  ol^a.Nv>i.  kxM\vv\avi\&:^ 


with  ;  and  (ram  the  iDvaatigation  of  their  motiona  it  is  poeaible  to 
pass  to  the  OBM  o(  a  eoataeed  Bea. 

Any  one  obaerTing  such  waves  cannot  fail  to  be  stmok  with  th«T 
rapid  advance,  even  when  their  dimenBionii  are  moderate.  A  wave 
200  feet  in  lei^tb,  from  hollow  to  hollow,  haa  a  veloeit;  of  19  knots 
per  hour — faater  than  the  fastest  steamship — and  euoli  waves  are  of 
common  pocturence.  A  wave  400  feet  in  length  has  a  velocity  of  27 
knots  per  hour ;  and  an  Atlantic  storm  wave  600  feet  loogr,  movee 
onward  at  the  speed  ot  33  knots  per  hoar.  Bnt  in  all  wave  motion 
it  ia  the  teave  form  which  travels  at  these  high  speeds,  and  not  the 


/vJv:''^  --■ 

I 

h-^/^\  \  :^ 

\-^ 

~^^^'' 

particles  of  water.  This  assertion  is  borne  ont  by  observation  and 
common  aiperience.  If  a  block  of  wood  is  dropped  overboard  from 
a  ship,  past  which  waves  are  travelling-  at  great  speed,  it  is  well 
known  that  it  is  not  swept  away,  as  it  would  be  on  a  tideway  where 
the  particles  of  water  move  onward;  bat  it  simply  sways  backward 
and  forward  as  gnccessivo  waves  pass. 

Before  explaining  this  distinctioii  between  the  motions  ot  the 
partioles  in  the  wave  and  the  motion  of  the  wave  form,  it  will  be 
well  to  illustrate  the  mode  in  which  the  wave  form  or  profile  may  be 
constTucted.  Fig.  4,  will  perve  the  purpose.  Suppose  Q  R  to  be  a 
slrught  line,  nnder  which  the  circle  whose  radios  0  Q  is  made  ta 
roll. 
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The  length  Q  K  being  made  equal  to  the  semi-circaniference, 
the  rolling  circle  will  have  completed  half  a  revolution  during  its 
motion  from  Q  to  R  ;  and  if  this  length  Q  R,  and  the  semi-circsum- 
ference  Q  R,  are  each  divided  into  the  same  number  of  equal  parts 
(numbered  correspond  in  r^ly  1,  2,  8,  etc.,  in  the  diagram),  then  ob- 
viously, as  the  circle  roas,  the  points  with  corresponding  numbers  on 
the  straight  Hue  and  circle  will  come  into  contact  successiYely,  each 
with  each.  Next  suppose  a  point  P  to  be  taken  on  the  radius  O  B 
of  the  rolling  circle ;  this  will  be  termed  the  ''*'  tracing  point,"  and 
as  the  circle  rolls,  the  point  P  will  trace  a  curve  (a  trochoid,  marked 
P,  ^j,  ^2,  C2  .  .  .  Ih  in  the  diagram^  which  is  the  theoretical  wave 
profile  from  hollow  to  crest,  P  marking  the  hollow  and  7i^  the  crest. 

The  trochoid  may,  therefore,  be  popularly  described  as  the  curve 
traced  on  a  vertical  wall  by  a  marking-point  fixed  in  one  of  the 
spokes  of  a  wheel,  when  the  wheel  is  made  to  run  along  a  level 
piece  of  ground  at  the  foot  of  the  wall ;  but  when  thus  described, 
it  would  be  inverted  from  the  position  shown  in  Fig.  4.  To  deter- 
mine a  point  on  the  trochoid  is  very  simple.  As  the  rolling  circle 
advances,  a  point  on  its  circumference  (say  3)  comes  into  contact 
with  the  corresponding  point  of  the  directrix-line  Q  R,  the  centre 
of  the  circles  must  at  that  instant  be  (S)  vertically  below  the  point 
of  contact  (3)  and  the  angle  through  which  the  circular  disk  and  the 
tracing-arm  O  P  have  both  turned  is  given  by  Q  0  3.  The  angle 
P  O  c  on  the  original  position  of  the  circles  equals  Q  O  3  ;  through 
S  draw  S:;^  parallel  to  O  <;,  and  make  S  C9  equal  to  Oc ;  then  Cj  is  a 
point  on  the  trochoid.  Or,  the  same  result  maybe  reached  by  draw- 
ing c  Cz  horizontal,  finding  ils  intersection  (Ca)  with  the  vertical  line 
S  »{,  and  then  making  C  Ci  C3  equal  to  c  Cy. 

The  tracing-arm  (O  P)  may,  for  wave-motion,  have  any  value  not 
greater  than  the  radius  of  the  rolling-circle  (O  Q). 

If  O  P  equals  O  Q,  and  the  tracing-point  lies  on  the  circumference 

,of  the  rolling-circle,  the  curve  traced  is  termed  a  cycloid^  and  cor- 

fresponds  to  a  wave  on  the  point  of  breaking.     The  curve  R  T  R  in 

Fig.  4  shows  a  cycloid,  and  it  will  be  noticed  that  the  crest  is  a  sharp 

ridge  or  line  (at  R),  while  the  hollow  is  a  very  flat  curve. 

A  few  definitions  must  now  be  given  of  terms  that  will  be  fre- 
quently used  hereafter.     The  length  of  wave  is  its  measurement 
from  crest  to  crest,  or  hollow  to  hollow — Q  R  would  be  the  half- 
length.     The  height  of  a  wave  \a  xeOsoraR^  Itotq.  hollow  to  crest ; 
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thus,  for  the  trochoidal  wave,  the  height  would  be  P  h — twice  the 
tracing-arm.  The.  period  of  a  wave  is  the  time  (usually  in  seconds) 
its  crest  or  hollow  occupies  in  traversing  a  distance  equal  to  its  own 
length ;  and  the  velocity  (in  feet  per  second)  will,  of  course,  be  ob- 
tained by  finding  the  quotient  of  the  length  divided  by  the  period, 
and  would  commonly  be  determined  by  noting  the  speed  of  advance 
of  the  wave-crest. 

Accepting  the  condition  that  the  profile  of  an  ocean  wave  is  a 
trochoid,  the  motion  of  the  particles  of  water  in  the  wave  requires 
to  be  noticed;  and  it  is  here  the  explanation  is  found  of  the  rapid 
advance  of  the  wave-form,  while  individual  particles  have  little  or 
no  advance.  The  trochoidal  theory  teaches  that  every  particle 
revolves  with  uniform  speed  in  a  circular  orbit  (situated  in  a  vertical 


IHrection  of  Advance 
Fio.r6. 


plane  which  is  perpendicular  to  the  wave-ridge),  and  completes  a 
revolution  during  the  period  in  which  the  wave  advances  through  its 
own  length.  In  Fig.  5,  suppose  P,  P,  P,  etc.,  to  be  particles  on  the 
upper  surface,  their  orbits  being  the  equal  circles  shown :  then  for 
this  position  of  the  wave  the  radii  of  the  orbits  are  indicated  by! 
O  P,  O  P,  etc.  I 

The  arrow  below  the  wave-profile  indicates  that  it  is  advancing 
from  right  to  left ;  the  short  arrows  on  the  circular  orbits  show  that 
at  the  wave-crest  the  particle  is  moving  in  the  same  direction  as  the 
wave  is  advancing  in,  while  at  the  hollow  the  particle  is  moving  in 
the  opposite  direction. 

Now,  suppose  all  the  tracing-arms,  O  P,  O  P,  etc.,  to  turn  through 
the  equal  angles,  P  O  j9,  P  O  ;?,  etc. ;  then  the  points,  p,  p,  p^  etc.^  must 
be  correspomlii^  pomlAona  ot  particles  on  the  suxiax^  l^xmscN:^  ^»^s^ 
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ated  at  P,  P,  P,  etc.  The  curve  drawn  through  p,  p,  p,  etc. ,  will  be 
a  trochoid  identical  in  form  with  P,  P,  P,  etc. ,  only  it  will  have  its 
crest  and  hollow  further  to  the  left ;  and  this  is  a  motion  of  advance 
in  the  wave-for.n  produced  by  simple  revolution  of  the  tracing-arms 
and  particles  (P).  The  motion  of  the  particles  in  the  direction  of 
advance  is  limited  by  the  diameter  of  tiheir  orbits,  and  they  sway  to 
and  fro  about  the  centres  of  the  orbits.  Hence  it  becomes  obvious 
why  a  I<^  dropped  overboard,  as  described  above,  does  not  travel 
away  on  the  wave  upon  which  ib  falls,  but  simply  sways  backward 
and  forward.  One  other  point  respecting  the  orbital  motion  of  the 
particles  is  noteworthy.  This  motion  may  be  regarded  at  every 
instant  as  the  resultant  of  two  motions — one  vertical,  the  other  hori- 
zontal— except  in  four  positions,  viz.  :  (1)  when  the  particle  is  on 
the  wave-crest ;  (2)  when  it  is  in  the  wave-hollow ;  (3)  when  it  is  at 
mid-height  on  one  side  of  its  orbit ;  (4)  when  it  is  at  the  correspond- 
ing position  on  the  other  side. 

On  the  crest  or  hollow  the  particle  instantaneously  moves  horizon- 
tally, and  has  no  vertical  motion. 

At  mid-height  it  moves  vertically,  and  has  no  horizontal  motion. 
Its  maximum  horizontal  velocity  will  be  at  the  crest  or  hollow ;  its 
maximum  vertical  velocity  at  mid-height.  Hence,  uniform  motion 
along  the  circular  orbit  is  accompanied  by  accelerations  and  retarda- 
tions of  the  component  velocities  lq  the  horizontal  and  vertical  direc- 
tions. 

The  particles  which  lie  upon  the  trochoidal  upper  surface  of  the 
wave  are  situated  in  the  level  surface  of  the  water  when  at  rest. 
The  disturbance  caused  by  the  passage  of  the  wave  must  extend  far 
below  the  surface,  affecting  a  great  mass  of  water.  But  at  some 
depth,  supposing  the  depth  of  the  sea  to  be  very  great,  the  disturb- 
ance will  have  practically  ceased  ;  that  is  to  say,  still,  undisturbed 
water  may  be  conceived  as  underlying  the  water  forming  the  wave  ; 
and  reckoning  downward  from  the  surface,  the  extent  of  disturbance 
must  decrease  according  to  some  law.  The  trochoidal  theory  ex- 
presses the  law  of  decrease,  and  enables  the  whole  of  the  internal 
structure  of  a  wave  to  be  illustrated  in  the  manner  shown  in  Fig.  6. 

On  the  right-hand  side  of  the  line  A  D  the  horizontal  lines  marked 

0,  1,  2,  8,  etc.,  show  the  positions  in  still  water  of  a  series  of  parti- 

cles  which  during  the  wtxve  Ix^Tislt  assume  the  trochoidal  forms 

numbered  respectively  0,  1,  ^,  ^,  e\.c,,  \.o  'Ovx^\^l\.  q\  K^.   ^^^^ still 
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horizontal  plane  will  continue  to  be  a  subBurf ace  of  equal  pressure ; 
and  the  particles  lying  between  any  two  planea  (say  6  and  7)  in  still 
water  will,  in  the  wave,  be  found  lying  between  the  corresponding 
trochoidal  surfaces  (6  and  7). 

In  Fig.  6.  it  will  be  noticed  that  the  level  of  the  still- water  surface 
(0)  is  supposed  changed  to  a  cydoidal  wave,  the  construction  of 
which  has  already  been  explained ;  this  is  the  limiting  height  the 
wave  could  reach  without  breaking. 

The  half-length  of  the  wave  A  B  being  called  L,  the  radius  (G  D)  of 
the  orbits  of  the  surface-particles  will  be  given  by  the  equation 

CD  =  R=  —  =/5L  (nearly). 

AH  the  trochoidal  surfaces  have  tlie  same  leneth  an  the  cycloidal 
surface,  and  consequently  they  are  all  generated  by  the  motion  of  a 
rolling  circle  or  radius,  R ;  but  their  tracing-arms — measuring  half 
the  heights  from  hollow  to  crest — rapidly  decrease  with  the  depth 
(as  shown  by  the  dotted  circles),  the  trochoids  becoming  flatter  and 
llatter  in  consequence.  Tho  crests  and  hollows  of  all  the  subsur- 
faces are  vertically  below  the  crest  and  hollow  of  the  upper  wave 
profile.  The  heights  of  these  subsurfaces  diminish  in  a  geometrical 
progression  ;  and  the  following  approximate  rule  by  Professor  Ban- 
kine  is  very  nearly  correct.  '  *  The  orbits  and  velocities  of  the  par- 
ticles of  water  are  diminished  by  one-half^  for  each  additional  depth 
below  the  mid-height  of  surface  wave  equal  to  one-ninth  of  a  wave 
length."     For  example — 

Depths  in  fractions  of  a  wave-length  below  the  mid-height  of  the 
surface  wave — 0,  ^,  ^,  J,  J,  etc. 

Proportionate  velocities  and  diameters — 1,  i,  i,  i,  -,V,  etc. 

Take  an  ocean  storm-wave  600  feet  long  and  40  feet  high  from 
hollow  to  crest :  at  a  depth  200  feet  below  the  surface  (J  of  length) 
the  subsurface  trochoid  would  have  a  height  of  5  feet ;  at  a  depth 
of  400  feet  (IJ-  of  length)  the  height  of  the  trochoid — measuring  the 
diameter  of  the  orbits  of  the  particles  there — would  be  about  seven 
or  eight  inches  only ;  and  the  curvature  would  be  practically  insen- 
sible on  the  length  of  GOO  feet. 

It  will  be  noticed  also  that  the  centres  of  the  tracing  circles  cor- 

reaponding  to  any  trochoidal  surface  lie  above  the  still-wat^r  level  of 

tke  corresponding  horizontal  pVan^.    "It^^^  >iX^^  \isso3«so^a5L^\3Naa  (l)^ 
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for  instance.  The  height  of  the  centre  of  the  tracin;?  circle  for  the 
corresponding  trochoid  is  marked  E,  E  F  being  the  radins ;  and 
the  point  E  is  some  distance  above  the  level  of  the  horizontal  line. 
Suppose  r  to  be  the  radius  of  the  orbits  for  the  trochoid  under  con- 
sideration, and  R  the  radius  of  the  rolling  circle,  then  the  centre  of 
the  tracing  circle  will  be   above  the  level   line  by  a  distance  equal 

to  — -.     Now  R  is  known  when  the  length  of  the  wave  is  known ; 

2R  ' 

also  r  is  given  for  any  depth  by  the  above  approximito  rule.  Conse- 
quently the  means  are  at  hand  for  drawing  the  series  of  trochoidal 
subsniiaces  for  any  chosen  wave. 

Columns  of  particles  which  are  vertical  in  still  water  become 
curved  during  the  wave  passage ;  in  Fig.  G  a  series  of  such  lines  is 
drawn  (fine  Unes  a,  b^  e,  d,  etc.);  during  the  wave  transit  these 
lines  assume  the  positions  shown  by  the  strong  lines  (a,  b,  c,  d,  etc. ) 
curving  toward  the  wave-crest  at  their  upper  ends,  but  still  continu- 
ing to  inclose  between  any  two  the  same  particles  as  were  inclosed 
by  the  corresponding  lines  in  still  water.  The  rectangular  spaces 
inclosed  by  tiiese  vertical  lines  and  the  level  lines  produced  are 
changed  during  the  motion  into  rhomboidal-shaped  figures,  but  re- 
main unchanged  in  area. 

The  maximum  slope  of  the  wave  to  the  horizon  occurs  at  a  point 
nearer  the  crest  than  the  hollow^  but  no  great  error  is  assumed  in 
supposing  it  to  be  at  mid-height  in  ordinary  ocean  waves  where  the 
radius  of  the  tracing  arm  (or  half-height  of  wave)  is  about  one- 
twentieth  of  the  length.  For  this  maxim  am  slope  we  have  sine  of 
.    __  radius  of  tracing  circle  __    half  height  of  wave    ^  o  -tA^a 

radius  of  rolling  circle      length  of  wave  -5-  6. 282 

neig  to  wave^  p^^,  ^g^^gg  ^^  ordinary  steepness  all  practical  pur- 
length  of  wave 

poses  are  served  by  writing  the  circular  measure  of  the  angle  instead 
of  the  sine ;  hence  approximate  maximum  wave  slope  (in  degrees)  = 

1  oA«      height  of  wave  * 

180«  X  ,        ,  --5 

length  of  wave 

As  an  example,  take  a  wave  for  which  the  dimensions  were  actu- 
ally determined,  180  feet  long  and  7  feet  high :  Maximum  slope  = 
ISO*'  X  -Hf TF  =  '' °  (nearly).  The  rai  iation  in  the  direction  of  the  nor- 
mal was  in  this  case  equivalent  to  an  oBciliaUon.  ot  \)b'^'DL^xi^:»xfiw  ^imtcs^ 
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ing  7*"  on  either  side  of  the  vertical  once  in  every  half -period  of  the 
wave — some  three  seconds 

Shallow  Water  Waves. 

In  shallow  water  of  uniform  depth  the  orbit  of  eacli  particle  is  an 
oval,  the  orbits  becoming  more  flattened  the  nearer  the  particles  are 
to  the  bottom.  As  an  approximation,  water  may  be  taken  as  shaUow 
when  the  depth  is  between  -^  and  ^^^  of  a  wave  length. 

Method  of  Observing  the  Dimensions  and  Periods  of  Waves. 

{Frauds.) 

The  method  of  observation  to  be  adopted  on  bond  a  aiiip  for  fiw 
purpose  of  determining  the  periods  and  dimensions  of  waves  will 
naturally  be  somewhat  di£fecent  according  as  the  ship  is  stationaiy 
or  ia  motion.  If  she  be  stationary,  the  wave  period  may  be  at  once 
determined  by  a  single  observer,  noting  the  moment  at  which  snc- 
cessive  wave-crests  pass  the  particular  part  of  the  ship  on  which  he 
stands. 

In  describing  the  observations  by  which  tho  length  of  wave  is  to  be 
determined,  it  is  convenient  to  assume  first  that  the  ship  is  **  end 
on"  to  the  wave-crests. 

If  the  length  of  the  wave  be  less  than  that  of  the  ship,  two  ob- 
servers should  watch  two  consecutive  wave-crests  which  are  rolling 
past  the  ship  ;  and  each  should  simultaneously,  on  the  word  being 
given,  notice  the  position  on  the  ship's  side  occupied  by  the  wave  he 
is  watching.  The  interval  between  the  positions  measured  on  the 
ship's  deck  is  the  wave-length. 

If  the  length  of  the  wave  be  greater  than  the  ship^s  length  the 
process  is  less  simple. 

Let  a  convenient  length  be  set  off  along  the  deck ;  and  at  each 
end  of  the  line,-  transversely  to  it,  let  a  pair  of  battens  be  erected  so 
as  to  define  a  pair  of  parallel  lines  at  right  angles  to  the  ship^s  keel ; 
and  let  an  observer  be  stationed  at  each,  say  No.  1  at  the  end  of  the 
line  which  the  waves  first  meet.  No.  2  at  the  other. 

Let  observer  No.  1  note  the  instant  of  time  when  a  wave-crest 
passes  the  line  of  sight  marked  by  his  pair  of  battens ;  and  let  No.  2 
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note  it  when  the  same  wave-crest  passes  the  line  marked  by  his ; 
and  let  the  observation  be  repeated  for  the  succeeding  wave-crest 
by  one  of  the  observers.  This  latter  observation  fixes  the  period  of 
the  wave,  as  has  already  been  mentioned. 

If  the  times  noted  by  the  two  observers  be  compared,  the  differ- 
ence will  give  the  time  occupied  by  the  wave-crest  in  passing  the 
interval  between  the  two  parallels.  The  time  occupied  by  the  crest 
in  passing  this  known  interval  defines  the  /ipeed  of  the  wave. 

The  period  being  known,  and  the  speed  being  liEown,  the  length 
may  be  deduced,  since  it  is  the  distance  which  the  wave  having  that 
speed  will  traverse  ia  the  period. 

If  the  ship  be  not  end  on  to  the  waves,  but  deviate  from  that  posi- 
tion by  a  known  angle,  the  values  of  the  speed  and  length  of  wave 
thus  deduced,  will  be  alike  too  great,  but  they  will  give  the  true 
values  when  multiplied  by  the  cosine  of  the  deviation. 

Jf  Vie  ship  be  not  stationary^  but  moving  with  a  known  speed,  it 
is  convenient  to  assume,  as  before,  that  she  is  end  on  to  the  waves, 
BO  that  she  is  either  runniug  before  the  sea  or  is  heading  it. 

Under  these  circumstances  the  same  observations  are  to  be  made, 
but  the  period,  speed,  and  length  deduced  from  them  require  the 
following  corrections : 

The  time  which  elapses  between  the  transits  of  two  consecutive 
wave-crests  past  either  observer  is  greater  or  less  than  the  true 
period,  because  the  distance  actually  travelled  by  the  wave  during 
the  time  is  greater  or  less  than  the  true  wave-length  by  the  distance 
travelled  in  the  mean  time  by  the  ship,  either  from  the  waves  or 
toward  the  waves.  But  as  the  speed  of  the  ship  is  known,  the  true 
speed  of  the  wave  may  be  inferred  from  its  apparent  speed  as  deduced 
&om  the  observations,  by  adding  to  it  or  deducting  from  it  the 
speed  of  the  ship  according  as  she  is  running  before  the  waves  or 
heading  them  ;  and  by  help  of  this  correction  the  true  wave-length 
and  period  may  be  readily  found. 

If  the  course  of  the  ship  be  not  on  a  line  at  right  angles  to  the 
wave-crest,  but  deviate  from  it  by  a  given  angle,  the  same  observa- 
tions must  be  made,  and  these  must  be  treated  in  the  same  mannei 
as  if  the  course  had  not  been  oblique. 

And  here,  also,  the  apparent  length  and  speed  deduced  will  be  too 
great,  but  will  yield  the  true  values  when  multiplied  by  the  cosino 
of  the  deviation. 
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Wave-heights  are  less  easy  to  determine  by  ordinary  observation. 
But  when  they  are  saoh  that  if  a  ship  is  in  the  trough  of  the  sea 
the  nearest  wave-orests  hide  the  distant  horizon  from  the  eye  of  an 
observer  on  deck,  he  may,  by  ascending  the  rigging,  place  himself  at 
such  a  height  that  the  sucoessive  ridge  levels,  as  viewed  by  him 
from  the  trough,  just  reach  the  line  of  the  horizon.  And  if  he 
measures  the  height  of  his  eye  above  the  water,  that  height  is  the 
height  of  the  wave. 

It  must  be  borne  in  mind  that  in  pitchinof  and  'scending  the  head 
or  stem  of  the  ship,  when  the  wave-hollow  passes  it,  is  often  im* 
mcrsed  far  deeper  than  the  natural  water  line,  and  the  observer  must 
make  due  allowance  for  this  if  he  be  stationed  forward  or  aft ;  and 
though  by  posting  himself  in  the  ship's  waist  he  will  avoid  the  ne- 
cessity of  so  large  a  correction,  yet  even  thus,  when  a  ship  end  on 
to  the  waves  is  in  the  middle  of  the  trough,  the  curvature  of  the 
wave-hollow  gives  extra  immersion  to  her  ends,  and  the  water  surface 
amidships  is  below  her  natural  water  line.  Dao  allowance  must  alao 
be  made  for  changes  of  level  occasioned  by  rolling  or  keeling. 
Other  methods  of  observing  the  dimensions  of  waves  have  been  de- 
vised and  used ;  some  of  them  being  automatic  in  their  action,  and 
giving  a  continuous  record  of  the  heights  of  the  wave  profile  at 
every  instant  upon  the  soale  of  measurement. 

When  the  waves  are  not  high  enough  to  use  the  method  of  horizon 
observation,  it  is  necessary  that  any  other  method  of  measuring 
heights  should  refer  them  in  some  manner  to  the  level  of  the  practi- 
cally still  water  underlying  the  water  disturbed  by  wave  motion. 

Dimensions  of  Waves. — The  longest  wave  observed  was  measured 
by  Captain  Mottez,  of  the  French  navy,  in  the  North  Atlantic,  and 
had  a  length  of  2,720  feet — half  a  mile  from  crest  to  crest ;  its  period 
was  23  seconds.  In  the  South  Atlantic  Sir  James  Rose  observed  a 
wave  1,930  feet  long.  The  largest  waves  observed  in  European 
waters  have  had  a  period  of  19f  seconds,  corresponding  to  a  length  of 
some  2,00'J  feet ;  in  the  Bay  of  Biscay  waves  have  been  noted 
having  a  length  of  1 ,320  feet.  Dr.  Scoresby's  Atlantic  storm  waves 
had  lengths  of  about  50')  to  600  feet,  and  periods  from  10  to  U 
seconds.  According  to  the  best  authorities  ocean  waves  of  24 
seconds'  period  and  3,000  feet  in  length  may  be  taken  as  the 
extreme  limit  of  size  yet  pioN^^  to  eiL\&t*,  '^Kwiea  of  18  seoondi' 
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period  and  about  1,650  feet  in  length  constitute  the  upper  limit  in 
all  except  extraordinary  cases ;  and  what  may  le  called  ordinary 
large  storm  waves  have  periods  varying  from  6  to  9  seconds,  the 
corresponding  lengths  varying  from  200  to  400  feet. 

Turning  to  heights,  we  find  reports  of  heights  of  100  feet  from 
hollow  to  crest,  but  no  verified  measurement  exists  of  a  height  half 
as  great  as  this.  The  highest  reliable  measurements  are  from  44  to 
48  feet — in  itself  a  very  remarkable  height.  Waves  having  a  greater 
height  than  30  feet  are  not  often  encountered. 

Next  as  to  the  ratio  of  the  heights  to  the  lengths  observed  in  deep- 
sea  waves.  Authorities  agree  that  as  the  lengths  increase  this 
ratio  diminishes,  and  the  wave-slope  becomes  less  steep.  The  short- 
est waves  ar6  the  steepest ;  and  the  greatest  recorded  inclinations 
are  for  very  short  waves,  when  the  ratio  of  height  to  length  was 
about  1  to  6.  For  a  cycloidal  wave  the  ratio  is  about  1  to  8.14 ;  so 
that  in  the  steepest  sea  waves  observed  this  ratio  is  only  about  one- 
half  that  of  the  theoretical  limiting:  case. 

For  waves  from  330  to  850  feet  in  length,  the  ratio  of  1  to  8  has 
been  observed,  but  these  were  exceptionally  steep  waves  ;  for  waves 
of  500  to  600  feet  in  length  it  falls  to  about  1  to  20 ;  and  for  the 
longest  waves  it  is  said  to  fall  as  low  as  1  to  50. 

It  seems  probable  that  in  waves  of  the  largest  size  commonly  met, 
the  height  does  not  exceed  one-twentieth  of  the  length ;  and  the 
higher  limit  of  steepness  in  waves  which  are  large  enough  to  consid- 
erably influence  the  behavior  of  ships  does  not  give  a  ratio  of  height 
exceeding  1  to  10.  Waves  from  500  to  900  feet  in  length  are  some- 
times encountered,  having  heights  of  from  5  to  10  feet  only. 

Formtilsa. 

The  principal  formulae  for  lengths,  speeds,  and  periods  for  tro- 
choidai  waves  are  as  follows  : 

I.  Length  (in  feet)  =  5.123  x  square  of  period  (in  seconds)  =  5^  x 
square  of  period. 

II.  Speed  (pe^J^nd)  =  ^-^^^  x  period  =  V5A2S  x  length  =  2i 

i/length. 

33 
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III.  Speed  (^r^^^)  =  3  X  period  (roughly). 

IV.  Period  (in  seconds)  =  y  ^5^  =  i   V^l^gth] 


y    Orbital  velocity  of    ^  _  j  speed  of  }       3.1416  x  height  _ 
*  particles  on  surface  f        /    wave    J  ^  length  —  *  ?  >^ 

height 

'V^length 

Take  the  case  of  a  wave  400  feet  loi^  and  15  feet  high.  For  it 
we  obtain,  Period  =  ^  \/400  =  8|  seconds. 

Speed  =  2i  \/400  =  45  feet  per  second  =  3  x  8|  =  26|  knots  per 
hour. 

15^ 
Orbital  velocity  of  surface    particles  =  7 J  x  -/^tva  =  SJ  feet  per 

second. 

Table  of  Periods. 

The  periods  of  waves  are  most  easily  observed,  and  the  following 
table  will  be  useful  as  giving  the  lengths  and  speeds  of  trochoid^ 
waves  for  which  the  periods  are  known  : 


rERIOD. 

TiKNGTH. 

Scxx)iids. 

Feet 

1 

5.12 

2 

20.49 

S 

4B.11 

4 

81.97 

5 

ias.08 

fi 

184.44 

7 

251.04 

8 

327.89 

Speed 
OF  Advance. 


Feet  per 
second. 


5.12 
1U.24 
15.87 
20.49 
25.fi2 
30.74 
35.86 
40.99 


Knots 
per  hour. 


3.03 
f).07 
9.1 
12.14 
15.17 
18.21 
21.24 
24.28 


Pebiod. 


Seconds. 


9 
10 
11 
12 
18 
14 
15 
16 


Length. 


Feet. 


414.99 

612.33 

619.92 

737.76 

865.84 

1004.17 

1162.74 

1811.66 


Spekd 
OP  Advance. 


Feet  per 
second. 


46.11 

51.23 

56.36 

61.48 

66.6 

71.73 

76.85 

81.97 


Knots 
per  hour. 


27.31 
30.35 
33.38 
36.42 
39.45 
42.49 
45.53 
48.66 
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BIETHODS    OF      OBSXSRVING     THE      ROLUNG     AND 
PITCHZNG  MOTIONS  OF   SHIPS. 

( W.  K  White. ) 

The  most  important  methods  which  have  been  adopted  for  ob- 
servingr  the  rolling  and  pitch  ng  of  ships  are  as  follows  : 

1.  The  use  of  pendulums,  with  various  forms  of  clinometers ; 
jthese  pendulums  having  periods  of  oscillation  which  are  verj  short 
as  compared  with  the  periods  of  the  ships. 

2.  The  use  of  gyroscopic  apparatus. 

3.  The  use  of  ''  batten  *'  instruments. 

Pendulums,  or  clinometers,  are  not  trustworthy  indicators  of  Ihe 
angles  of  inclination  attained  by  a  ship  when  rolling  in  still  water, 
and  much  less  of  those  moved  through  by  a  ship  rolling  or  pitching 
at  sea.  When  a  ship  is  held  at  a  steady  angle  of  heel,  a  pendulum 
suspended  in  her  will  hang  vertically,  no  matter  where  its  point  of 
suspension  may  be  placed,  and  will  indicate  the  angle  of  heel  cor- 
rectly. The  only  force  then  acting  upon  the  pendulum  is  its  weight, 
i,  e.^  the  directive  force  of  gravity,  the  line  of  action  being  vertical. 

But  when  instead  of  being  steadily  inclined  the  ship  is  made  to  os- 
cillate in  still  water,  she  will  turn  about  an  axis  passing  through  or 
very  near  to  the  centre  of  gravity  ;  hence  every  point  not  lying  in 
the  axis  of  rotation  will  be  subjected  to  angular  accelerations.  Sup- 
posing the  x)ouit  of  suspension  of  the  clinometer  to  be  ( ither  above 
or  below  the  axis  of  rotation,  it  will  be  subjected  to  these  accelera- 
ting forces  as  well  as  to  the  directive  force  of  gravity,  and  at  each 
instant  instead  of  placing  itself  vertically,  the  pendulum  will  tend 
to  assume  a  position  determined  by  the  resultant  of  gravity  and  the 
accelerating  force.    We  have  therefore  this  valuable  practical  rule  : 

When  a  sh'p  is  rolling  in  still  water,  if  apendtUum  is  nsed  to  note 
ike  angles  of  inclination^  it  should  be  hung  at  the  fieight  of  the  centre 
of  gravity  of  the  ship  ;  for  if  hung  above  or  below  that  position,  it  will 
indicate  greater  angles  than  are  really  rolled  through^  the  erroi*  of  the 
indications  increasing  with  the  distance  of  the  point  of  suspension 
from  the  cms  of  rotation  and  the  rapidity  of  the  rolling  motion  of  the 
shvp. 

When  we  turn  to  the  more  complicated  case  of  a.  «.1bx^  Q!eRJJ5c8ii«cQ% 
amongst  waves,  there  are  good  reasons  fot  auppo^v-a.^  N>i«i^  "Os^a  ^«ss«. 
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of  pendulam  observations  will  be  exaggerated.  The  centre  of  grav- 
ity of  the  ship  is  then  subjected  to  the  action  of  horizontal  and  ver- 
tical accelerating  forces.  If  the  pendulum  were  huDg*  at  the  centre 
of  gravity  of  the  ship,  it  would  therefore  no  longer  maintain  a  truly 
vertic  il  position  during  the  oscillations,  but  would  assume  at  each  in* 
stant  a  position  determined  by  the  resultant  of  the  accelerating 
forces  and  of  gravity.  The  direction  of  this  resultant  has  been 
found  to  coincide  with  that  of  the  corresponding  normal  to  the  ef- 
fective wave  slope.     Hence  another  useful,  practical  rule : 

When  a  ship  is  rolling  amongst  wa/M8y  a  quick-momng  pendvlum 
suspended  at  the  height  of  the  centre  of  gravity  will  place  itsdf  normal 
to  the  effective  wave-slope^  and  its  indications  will  mark  the  successive 
incUiiations  of  the  masts  of  the  ship  to  that  normal,  not  their  inclina- 
tions to  the  true  vertical. 

When  hung  at  any  other  height  than  that  of  the  centre  of  gravity 
of  a  ship  rolling  amongst  waves,  the  indioatiois  of  a  pendulum  are 
still  less  to  be  trusted. 

NoTK. — Tt  may  he  proper  to  add.,  that  any  other  devices,  such  as  fspirit-teveU.,  (to- 
peiiding  fur  tlieir  action  on  the  directive  force  of  gravity^  or  stoiticcU  conditions^  cat 
affiicted  by  the  motion  of  a  ship  as  much  as  a  pendulum  is  affected. 

Several  k'mds  of  Gyroscopic  Instruments  have  been  devised  for 
the  purpose  of  measuring  rolling  and  pitching  motions,  all  of  them 
being  based  upon  the  well-known  principle,  that  a  delicately  balanced 
heavy-rimmed  wheel,  spinning  rapidly,  will  maintain  the  plane  of 
rotation  in  which  it  is  set  spinning,  until  its  speed  of  rotation  is  con- 
siderably diminished. 

One  great  defect  of  all  gyroscopic  instruments,  however,  is  that 
there  is  no  separate  indication  of  the  angles  of  inclination  attained 
on  either  side  of  the  vertical.  As  a  ship  in  a  seaway  changes  its 
position  rapidly,  it  is  practically  impossible  to  secure  the  condition 
of  initial  horizontality  ;  hence  the  observer  must  be  content  to  note 
the  total  ares  of  osc'dlation.  No  doubt,  in  most  cases,  the  rolling  of 
a  ship  nob  under  sail  approaches  equal  inclinations  on  either  side  of 
the  vertical,  the  roll  to  leeward  being  somewhat  in  excess  of  that  to 
windward  ;  but  in  a  ship  under  sail  the  rolling  takes  place  about  an 
inclined  position,  and  in  any  case  it  is  a  great  advantage  to  be  able 
to  ascertain  the  extreme  inclination  on  either  side  of  the  vertical 

Batten  Instruments  aftox^  VJtift  ««£i^«ejvi  wsK5^t  means  of  ob- 
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serving  the  OBcillations  of  ships  ;  they  can  be  employed  whenever  the 
horizon  can  be  sighted.  The  line  of  sight  from  the  eye  of  an  ob- 
server standing  on  the  deck  of  a  ship  to  the  distant  horizon  will  al- 
ways remain  practically  horizontal  during  the  motion  of  the  ship. 
Consequently  if  a  certain  position  be  chosen  at  which  the  eye  of  tho 
observer  will  always  be  placed,  and  when  the  ship  is  upright  and  at 
rest,  the  horizontal  line  passing  through  that  point  is  determined 
and  marked  in  some  way  ;  this  horizontal  line  can  be  used  as  a  line 
of  reference  when  the  ship  is  rolling  or  pitching,  and  the  angle  it 
makes  at  any  instant  with  the  line  of  sight  will  indicate  the  inclina- 
tion of  her  masts  to  the  vertical. 

The  principle  may  be  applied  in  different  ways ;  one  of  the  most 
common  is  illustrated  below.  The  point  £  on  the  middle  line  of  the 
cross  section  marks  the  position  of  the  eye  of  the  observer ;  and  at 
equal  distances  athwart  ship,  two  battens,  C  0  and  G  G,  are  fixed 
perpendicularly  to  the  deck,  so  that  when  the  ship  is  upright  and  at 
rest,  these  battens  are  vertical,  and  at  that  time  the  line  F  E  F  will 
be  horizontal.  This  line  may  be  termed  "  zero- line ;  "  and  the  points 
F  F  would  be  marked  upon  the  battens,  being  at  a  height  above  the 
deck  exceeding  that  of  the  point  E  by  an  amount  determined  by  the 


Line  of  Sight  _ 


Surface  of  sun  Water 


•'round"  of  the  deck.  Suppose  the  diagram  to  represent  the  case 
^of  a  ship  rolling  among  waves ;  when  she  has  reached  the  extreme 
of  an  oscillation  to  starboard,  EG  marks  the  line  of  sight  to  the  hor- 
izon, and  the  ang^e  G  E  F  measures  the  angle  of  inclination  of  the 
masts  to  the  vertical.  If  the  battens  are  placed  longitudinally,  in- 
stead of  transversely,  the  angular  extent  of  pitching  may  be  similarly 
measured. 

It  is  a  great  practical  advantage  to  have  the  vertical  battens 
graduated  so  that  an  observer  can  at  once  read  off  and  note  do'Kw 
the  angles  of  inclination  in  degrees.     Onc^  ^T^^\My.\.^^^  "0^^  ^Ci.^3^^vJei^sa. 
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can  be  remoyed  when  the  observations  are  not  in  progfress,  and  re- 
placed in  the  same  positions  when  required. 

In  graduating  battens,  the  following  table  of  tangents  from  1** 
to  40   may  be  of  service  : 


Angles. 

Tangents. 

Angles. 

Tangents. 

Angles. 

1     Tangents. 

Deg. 

Dog. 

Deg. 

1 

0.017 

15 

0.268 

29 

0.654 

2 

O.O:^ 

16 

0.287 

SO 

0.577 

3 

0.052 

17 

0.306 

81 

0.601 

4 

0.07 

18 

0.325 

32 

0.625 

5 

0.087 

19 

0.344 

as 

0.649 

6 

0.105 

20 

0.S64 

84 

0.676 

7 

0.123 

21 

0.884 

36 

0.7 

8 

0.141 

22 

0.404 

86 

0.727 

9 

0.158 

23 

0.424 

37 

0.754 

10 

0.176 

24 

0.445 

38 

0.781 

11 

0.11)4 

25 

0.466 

89 

0.81 

12 

0.218 

26 

0.488 

40 

0.889 

13 

0.231 

27 

0.51 

14 

0.249 

28 

0.532 

Fig.  8. 

The  zero-line  on  the  battens  having  been  fixed,  the  horizontal  dis- 
tance from  the  position  where  the  eye  of  the  observer  will  be  placed 
to  the  vertical  batten  is  measured  ;  suppose  this  to  be  d  feet,  it  will 
be  indicated  by  E  F  in  Figs.  7  and  8.  Then  for  any  angle,  o,  we 
have  : 

Vertical  height,  F  G,  to  be  set  off  above  zero-line  on  battens=(^ 
tangent  a. 
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The  valne  of  tangent  a  being  taken  from  the  table,  the  product  d 
tangent  a  can  be  fonnd. 

For  instance,  suppose  d=20  feet,  and  a=15° :  tangent  fi=0.268, 
and  vertical  distance,  F  G,  to  be  set  off  above  zero-line  will  be 
(20x0.268>=5.36feet. 

With  this  table  and  the  example  of  its  use,  the  very  simple  process 
of  graduation  can  present  no  difficulty. 

The  proper  conduct  of  observations  with  batten  instruments  re- 
quires at  least  two  observers :  one  to  note  the  extreme  angles  of  in- 
clination attained  by  the  ship,  a  second  to  note  the  periods  of  suo- 
oessive  rolls. 

In  the  English  Navy,  a  single  series  of  observations  would  last  ten 
minutes,  and  during  that  time  an  observer  would  have  to  note  the 
extreme  inclinations  for  from  seventy  to,  perhaps,  one  hundred  and 
fifty  or  two  hundred  single  rolls,  according  to  the  class  of  ship  and 
character  of  the  waves.  The  other  observer  would,  meanwhile,  note 
the  times  of  performing  successive  rolls,  and  the  total  number  of 
rolls  during  the  ten  minutes. 

To  complete  the  materials  required  for  a  discussion  of  the  be- 
havior of  the  ship,  the  dimensions  and  periods  of  the  waves  ought  to 
be  observed  simultaneously  with  the  rolling  or  pitching ;  and  this 
requires  the  attention  of  an  independent  set  of  observers.* 

Whatever  method  of  observing  the  rolling  or  pitching  may  be 
adopted,  the  observations  made  cannot  have  their  full  value  unlesS' 
the  attendant  circumstances  are  fully  recorded.  For  example  :  the 
actual  coThdition  of  the  ship  should  be  noted  ;  whether  under  sail  or 
steam  ;  what  portion  of  her  stores  remain  on  board  ;  whether  there 
is  any  water  in  the  bilges  ;  and  any  other  features  that  would  affect 
the  period  of  oscillation.  Her  course  and  speed  should  also  be  stated, 
the  former  being  g^ven  relatively  to  the  wave  advance,  and  the  an- 
gle between  the  two  being  stated  in  degrees.  The  dimensions  and 
periods  of  the  waves  should  also  be  carefully  determined. 

No  change  should  be  made  affecting  the  behavior  of  the  ship  for 
at  least  tea  minutes  before  the  observations  are  commenced. 


*  More  complete  inXormation,  such  as  is  most  valuable/or  scientific  purposes,  can  be 
best  obtained  by  means  of  automatic  instruments^  the  records  of  which,  may  be  made 
conUnuousts  during  prolonged  periods. 


520  BUOYANCY  OF  SHIPS.  Skc.  IX. 


THB  DISFLAOBBABNT  AND  BUOTANOY  OF  SHIPS. 

(*'  Manual  of  Naval  Architecture J*^) 

A  BHIF  floating  at  rest  in  still  water  must  displace  a  volume  of 
water  having  a  weight  equal  to  her  own  weight. 

Ships  which  are  of  equal  weight  may  differ  greatly  in  form  and 
dimensions,  and  consequently  t^e  forms  of  their  respective  displace- 
ments will  differ,  but  when  they  are  floating  in  water  of  the  same 
density  the  volumes  must  be  equal  to  one  another,  because  the 
weights  of  the  ships  are  equal.  On  the  other  hand,  when  a  ship 
passes  from  water  of  one  density  to  water  of  another  density — say 
from  the  open  sea  to  a  river  where  the  water  is  comparatively 
fresh — her  volume  of  displacement  must  change,  because  the  weight 
of  water  displaced  must  be  the  same  in  both  oases.  Under  oil 
circumstances,  the  volume  of  displacement  multiplied  by  the  weight 
per  unit  of  volume  of  the  water  in  which  the  ship  floats,  must 
equal  the  weight  of  the  ship.  It  is  usual  to  express  the  volume  in 
cubic  feet,  and  for  sea- water  to  take  sixty -four  pounds  as  the  weight 
of  a  cubic  foot,  so  that  the  weight  of  the  ship  in  tons  multiplied  by 
thirty -five,  gives  the  number  of  cubic  feet  in  the  volume  of  displace- 
ment when  she  floats  in  sea-water. 

At  every  point  on  the  bottom  of  a  ship  afloat,  the  water-pressuie 
acts  perpendicularly  to  the  bottom.  This  normal  pressure  depends 
upon  the  depth  of  the  point  below  the  surface ;  and  it  may  be  re- 
garded as  made  up  of  three  component  pressures.  First,  a  vertical 
pressure  ;  second,  a  horizontal  pressure  acting  athwart  ship  ;  third, 
a  horizontal  pressure  acting  longitudinally. 

The  horizontal  components  in  each  set  must  obviously  be  exactly 
balanced  amongst  themselves,  otherwise  the  ship  would  be  set  in 
motion.  The  sum  of  the  vertical  components  must  be  balanced  by 
the  weight  of  the  ship,  which  is  the  only  other  vertical  force  ;  this 
sum  is  termed  "  buoyancy."  It  equals  the  weight  of  water  displaced, 
and  the  two  terras,  *' buoyancy"  and  "displacement,"  are  often 
used  interchangeably. 

The  total  weight  of  a  ship  may  be  subdivided  into  the  "  weight 
of  the  hull"  and  the  "  weight  of  lading."  The  latter  measures  the 
*'  carrying  power  of  the  ship,'*  and  is  frequently  termed  the  '*  useful 
d/fifpiacement." 
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Usef al  displacement  for  a  certain  degree  of  immersion  is  simply 
the  difference  between  the  total  displacement  and  the  weight  of  the 
hull ;  so  that  any  decrease  in  the  weight  of  hcdl  leads  to  an  increase 
in  the  carrying-power. 

Having  given  the  draught  of  water  to  which  it  is  proposed  to  im- 
merse a  ship,  the  volnme  of  her  immersed  part  determines  the  cor- 
responding displacement,  which  can  be  calculated  with  exactitude 
from  the  drawings  of  the  ship.  This  is  the  method  adopted  by  the 
naval  architect ;  but  an  estimate  may  be  rapidly  made  by  the  fol- 
lowing rule. 

Approximate  Rule  for  Displacement. — Assuming  that  the  length 
of  the  ship  on  the  load-line  is  known,  also  the  breadth,  extreme  and 
mean  draught,  the  product  of  these  three  dimensions  will  give  the 
volnme  of  a  parallelopipedon  circumscribing  the  immersed  portion 
of  the  ship.  This  may  be  written  :  Volume  of  parallelopipedon=V 
(cubic  feet)=L  x  B  x  D.  The  volume  of  displacement  may  then  be 
expressed  ao  a  percentage  of  V  ;  and  for  the  undermentioned  classes 
of  ships  the  following  rules  hold  : 

Displacement  equal  to 
Classes  of  ships.  percentage  of  volume  V. 

Fast  steam-ships, 43  to  46  per  cent. 

Swift  steam-cruisers,  corvettes,  sloops,   .         . .      46  to  52       " 
Gun- vessels,  merchant  steamers  (common  forms),  55  to  60       ^' 

Modern  types  of  iron-clads CO  to  62       ** 

Mastless  sea-going. iron-clads,         .         .  ^    65  to  70       *' 

Cargo-carrying  steamers  of  moderate  speed,     .  f 

The  percentages  stated  are  technically  known  as  ''coefficients  of 
fineness,'*  expres-icg,  as  they  do,  the  extent  to  which  the  immersed 
part  of  the  ship  is  ''fined"  or  reduced  from  the  parallelopipedon 
that  can  be  circumscribed  about  it. 

Ships  vary  in  their  draught  of  water  and  displacement  as  the 
weights  on  board  vary,  and  in  cargo-carrying  merchantmen  this 
variation  is  most  considerable,  their  displacement  without  cargo, 
coal,  or  stores,  often  being  considerably  less  than  one-half  of  the 
load-displacement.  In  ships  of  war  the  variation  in  displacement  is 
not  usually  so  great ;  but  even  in  them  the  aggregate  of  consumable 
stores  reaches  a  large  amount,  and  when  they  are  out  of  the  ahi^ 
she  may  float  two  or  three  feet  lighter  tl[ia!iYl'^•e;Ivl^s^l^»i^^^> 
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Curve  of  Displacement. — Naval  architects  have  devised  a  plan 
by  which,  without  performing  a  calculation  for  every  line  at  which 
a  ship  may  float,  it  is  posftible  to  ascertain  the  corresponding  dis- 
placement by  a  simple  measurement.     Fig.  9  illustrates  one  of  the 


Fig.  9. 


' '  curves  of  displacement "  drawn  for  this  purpose.    Ifc  is  constructed 
as  follows : 

The  displacpments  up  to  several  water-lines  are  obtained  by  direct 
calculation  from  the  drawings  of  the  ship  in  the  manner  before 
mentioned.  Then  a  line,  A  B,  is  drawn,  the  point.  A,  representing 
the  under  side  of  the  keel,  and  the  length,  A  B,  representing  the 
* '  mean  draught "  of  the  ship  when  fully  laden,  this  mean  draught 
being  half  the  sum  of  the  draughts  of  water  forward  and  aft. 
Through  B  a  line,  B  0,  is  drawn  at  right  angles  to  A  B,  the  length, 
B  C,  being  made  to  represent,  to  scale,  the  total  displacement  of  the 
bhip  when  fully  laden :  an  inch  in  length  alon j  B  C  representing, 
say,  one  hundred  tons  of  displacement.  Suppose  the  displacement 
to  have  been  also  calculated  up  to  another  water-line  (represented  by 
DE  in  the  diagram)  para\ie\to  acuCi  «iX»«*  '^ssxjyira.  ^^&tia.nfle  below  the 
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load-line  B  G.  Then  on  D  E  a  length  is  set  off  representing'  this 
second  displacement,  on  the  same  scale  as  was  used  for  B  0.  Simi- 
larly  the  lengths,  F  G,  H  K,  and  so  on,  are  determined,  aud  finally 
the  curve  0  E  G  .  .  .  .  A  is  drawn  through  the  ends  of  the  various 
ordinates. 

When  this  curve  is  once  drawn  it  becomes  available  to  find  the 
approximate  displacement  for  any  draught  of  water  at  which  the 
ship  may  float,  supposing  that  she  does  not  very  greatly  depart  in 
trim  from  that  at  which  she  floats  when  fully  laden.  For  instance, 
suppose  the  mean  draught  for  which  the  displacement  is  required  to 
be  four  feet  lighter  than  the  load-draught.  Set  down  B  «,  repre- 
senting the  four  feet,  on  the  same  scale  on  which  A  B  represents  the 
load-draught.  Through  x  draw  x  y  perpendicular  to  A  B  to  meet 
the  curve,  and  the  length  x  y  (on  the  proper  scale)  measures  the  dis- 
placement at  the  light  draught. 


Pig.  10. 


Onrve  of  Tons  per  Inch  Immersion. — Another  problem  that  fre- 
quently occurs,  is  the  determination  of  the  mcxeaaft^\\siTCL«t.«vw\.^\!i^sia. 
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-  will  resnit  from  putting  a  certain  weight  on  board  a  ship  when  float- 
ing  at  a  known  draught,  or  the  decreased  immersion  consequent  on 
removins"  certain  weights.  The  diagram.  Fig.  10,  represents  a  **  curve 

'  of  tons  per  inch  immersion  ;"  the  horizontal  measurement  from  the 
baseline  A  B  representiog  (on  a  certain  scale)  the  number  of  tons 
which  would  immerse  the  ship  one  inch  when  she  is  floatiug  at  the 
draught  corresponding  to  the  ordinate  along  which  the  measurement 
is  made,  llie  construction  of  this  curve  is  very  similar  to  that  of 
the  carve  of  displacement,  the  successive  points  on  the  curve  being 
found  for  the  equi-distant  water-lines  B  C,  D  B,  F  G,  eta,  by  direct 
calculation  from  the  drawings  of  the  ship ;  and  the  length  of  the 
ordinate  xy  determining  the  number  of  tens  required  to  immerse  the 
fihip  one  inch  when  floating  at  any  mean  draught,  Ilx.  In  this  case 
also  it  is  to  be  understood  that  at  the  various  draughts  considered 
there  are  no  considerable  departures  in  trim  Irom  that  of  the  folly 
laden  ship. 

For  all  practical  purposes  no  great  error  is  involved  in  assuming 
that  twelve  times  the  weight  which  would  sink  the  ship  one  inch 
below  her  load-line  will  sink  her  one  foot,  or  that  a  similar  rule  holds 
for  the  same  extent  of  lightening  from  the  load-draught. 

Practical  Rule  for  Tons  per  Inch  Immers^'on. — Using  the  same 
symbols  as  before,  viz. :  Length  of  ship  at  load-line  =r  L ;  breadth  =  B; 
we  should  have  area  of  circumscribing  parallelogram  =  L  x  B  =  A 
(square  feet).  And  then  the  following  rules  express,  with  a  consid- 
erable amount  of  accuracy,  the  number  of  tons  required  to  immerse 
the  ship  one  iuch  when  floating  at  her  load- draught : 

Tons  per  Inch. 

1.  For  long  fine  ships  of  great  speed,  .         .         .     =  ^^^  x  A 

2.  For  ships  of  ordinary  form  (including  the  major- 

ity of  vessels), =  ^^-o  "^  ^ 

3.  For  ships  of  great  beam  in  proportion  to  length 

(say  less  than  five  beams  in  length)    .         .         .     =  yji^  x'A. 

The  Trenton  comes  under  rule  2,  being  of  ordinaiy  form.  Her 
dimensions  are  :  Length  =  253  feet;  breadth  =  48  feet ;  Area  of 
circumscribing  parallelogram  =:  A  =  12,144  square  feet.  .  *.  Tons 
per  inch  at  load-line  =  «- /^tt  x  12.144  =  21^  tons.  It  is  easy  to  see 
how  the  curves  of  tons  per  inch,  and  the  curves  of  displacement 
couatructed  for  the  case  ot  aXii^a^o^XKxL^Vsi^^a.-'water.^  may  be  made 
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use  of  in  order  to  determine  the  change  of  draught  produced  by  the 
papsage  of  a  ship  into  a  river  or  dock  where  the  water  is  compara- 
tively fresh.  For  example,  sea- water  weighs  sixty-four  pounds  per 
cubic  foot,  whereas  in  one  of  the  London  docks  the  water  weighs 
about  Blxty-three  pounds  per  cabic  foot,  or  one-sixty-fourth  part 
less  than  sea-water.  Since  the  total  weight  of  water  displaced  by 
the  ship  must  remain  constant,  it  is  only  necessary  to  make  the  fol- 
lowing corrections :  Difference  between  weights  of  sea-water  and  river- 
water  for  the  volume  immersed  up  to  the  draught  at  which  the  ship  floats 
at  sea  =  ^  x  weight  of  ship  =  75^4-  W. 

Tons  per  inch  immersian  at  this  draught  in  river  =  f  J  ton  per  inch 
for  sea-water  U  T. 
.  • .  Increase  in  draught  of  water  when  ship  floats  in  river-water 

=  -0^^  X  W  -:  Si  T  =  ^  (inches). 

For  any  other  density  of  water  than  that  assumed  above,  the  cor- 
rection would  be  made  in  a  similar  manner. 

The  draught  being  observed  when  the  vessel  is  about  to  leave  the 
sea,  the  curves  will  furnitsh  the  corresponding  values  of  W  and  T  in 
the  foregoing  expressions. 

Reserve  of  Buoyancy. — This  is  a  phrase  now  commonly  em- 
ployed to  express  the  volume  and  buoyancy  of  the  part  of  a  ship  not 
immersed,  but  which  may  be  made  water-tight.  The  under-water 
part  of  a  ship  contributes  the  buoyancy  ;  the  outof-water  part  the 
reserve  of  buoyancy,  and  the  ratio  between  the  two  has  a  most  im- 
portant influence  upon  the  safety  of  the  ship  against  foundering  at 
sea. 

Freeboard. — In  its  common  use  freeboard  means  the  height  of  the 
upper  deck  amidships  (at  the  side)  above  water,  and  is  stated  in  feet 
and  inches  ;  but  this  must  necessarily  be  associated  in  some  way  with 
the  size  of  the  ship. 

''^  Lloyd^  s  rule^^  allows  two  inches  freeboard  per  foot  depth  of 
hold  of  eight  feet ;  above  that,  one-tenth  inch  for  every  extra  foot 
depth  of  hold. 

*' Bamaby^s  rule^^  allows  one-eighth  the  beam,  with  the  addition 
of  one  thirty-second  part  of  the  beam  for  every  beam  in  the  lengih 
of  the  ship  above  five  beams. 
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THS  TONNAQB  OF  SHIPS. 

It  appears  that  there  are  in  common  use  the  following  tonnage 
measurements : — 1.  Displacement.  2.  Beg^ter  tonnage.  8.  Freight 
tonnage.     4.  Builders^  old  measurement.     5.  Yacht  measurement. 

It  is  not  to  be  wondered  at  that  some  confusion  exists  as  to  the 
exact  meaning  of  the  term  *'  tonnage,"  seeing  it  is  used  in  so  many 
senses,  sometimes  expressing  weight,  at  others  capacity,  and  at 
others  a  purely  arbitrary  function  of  the  principal  dimensions. 

Bespecting  "displacement  tonnage/*  it  will  suffice  to  say  that  it 
expresses  the  total  weight  of  a  ship  (in  tons)  when  immersed  to  her 
maximum  draught,  or  *' load-line." 

This  is  a  measurement  especially  suited  for  war-ships,  which  are 
designed  to  carry  certain  maximum  weights  and  to  float  at  certain 
load-lines  that  are  fixed  with  reference  to  desired  conditions,  such  as 
height  of  the  guns  above  water,  as  limitations  of  draught  imposed 
by  the  character  of  the  service. 

Merchant  ships  have  not  to  carry  certain  fixed  weights,  nor  have 
they  usually  a  fixed  maximum  load-line.  The  very  various  condi- 
tions of  cargo -stowage  to  which  these  ships  are  liable,  entirely  separate 
them  from  war-ships  ;  the  decision  as  to  the  draught  to  which  they 
can  be  safely  laden  must  vary  with  the  character  of  the  cargo,  its 
mode  of  stowage,  the  nature  of  the  voyage,  and  the  season  of  the 
year.  With  some  cargoes  "the  ships  might  be  safe  at  a  deeper  draught 
than  would  make  them  unsafe  with  other  cargoes  on  board.  Hence, 
displacement  tonnage  would  not  be  so  fair  a  measure  for  naerchant 
ships  as  it  is  for  ships  of  war. 

Register  Tonnage. 

Begister  tonnage  is  simply  the  internal  capacity  of  the  hold  of  the 
ship  in  cubic  feet,  with  any  additional  spaces  built  on  deck,  divided 
by  one  hundred. 

The  tonnage  of  a  mercJiant  ship  is  usually  stated  both  as  *'  gross" 
and  *'  nett."  ''  Gross  "  tonnage  expresses  (in  tons  of  100  cubic  feet) 
the  total  internal  capacity  of  the  ship,  tog(;ther  with  that  of  any 
closed-in  spaces,  such  as  deck-houses,  etc.,  erected  upon  the  deck 
for  purposes  of  accommodation  or  storage.  '  *  Nett "  tonnage  is  in- 
tended to  express  in  the  same  units  the  cubical  contents  of  the  space 
actually  available  for  renuxnetaXiNft  «»Q,TN\<ift.,  the  conveyance  of  pas- 
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sengers  or  stowage  of  cai^o  ;  it  is  sometimes  styled  the  ^'  register 
tonnage." 

The  gross  register  tonnage  of  a  ship  may  be  found  approximately 
by  the  following  formula  : 

L=  the  inside  length  on  upper  deck  from  plank  at  stem  to  plank 
at  stem. 

B=:  the  inside  main  breadth  from  ceiling  to  ceiling. 
4      D=  the  inside  midship-depth  from  upper  deck  to  ceiling  at  limber- 
strake. 

Register  tonnage  =:  L  x  B  x  D 


100      ^ 


Valite  of  0. 


Sailing-ships  \  T**^''  fi^  ^"^^'^  ^^'P^'  ""/^  ^^  *''™'          •        •     i 
^^^*       ^     (  ships  of  the  present  usual  form 7 

Steam-vessels  (  ships  of  two  decks, 65 

and  clippers  /  ships  of  three  decks, 68 

Yachts  ^^^^««^^*/J°°« :l 

J  under  sixty  tons, 45 

To  Oalculate  the  Gross  Register  Tonnage. 

The  tonnage  deck  is  the  upper  deck  in  all  vessels  under  three 
decks,  in  all  other  vessels  the  second  deck  from  below.  Measure- 
ments to  be  expressed  in  feet  and  decimals  of  a  foot.  The  length 
for  register  tonnage  is  taken  from  inside  of  plank  at  stem  to  inside 
of  midship  stern  timber,  or  plank  there  as  the  case  may  be,  and  is 
taken  on  the  tonnage  deck ;  the  length  so  taken  (having  made  re- 
ductions for  the  rake  of  stem  and  stern,  if  any,  in  the  thickness  of 
the  deck,  and  one- third  of  the  round  of  the  beam)  is  to  be  divided 
into  the  prescribed  number  of  equal  parts  according  Ipd  the  length, 
as  follows : 

Not  exceeding  50  feet  and  under, 6 

Exceeding    50  feet  and  not  exceeding  100  feet,         ...  8 

*'  100  *'  **  .  150  *'  .  .  .  .  10 
"  150  ''  '*  200  •'  .  .  .  .  12 
**  200  "  **  250  »'  .  .  .  .  14 
''         250    " V^ 
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The  area  at  each  point  of  division  is  foand  as  follows : 

Measure  the  depth  at  each  point  of  division  from  a  point  distant 
one-third  the  round  of  beam  below  the  line  of  deck  to  the  inside  of 
planking  (average  thickness)  at  side  of  keelson  :  if  this  depth  at  the 
midship-division  of  the  length  do  not  exceed  sixteen  feet,  divide 
each  depth  into  four  equal  parts,  and  measure  the  breadth  inside  at 
each  of  the  points  of  division,  and  at  the  npper  and  lower  points  of 
depth.  Number  these  breadths  from  above  in  each  section  ;  then 
multiply  the  second  and  fourth  breadths  by  four,  and  the  third  by 
two  ;  to  the  sum  of  theso  products  add  the  first  and  fifth  breadths, 
and  multiply  the  quantity  thus  obtained  by  one-third  the  interval 
between  the  breadths — the  product  is  the  area  of  such  section. 

If  the  midship-depth  exceed  sixteen  feet,  each  depth  must  be 
divided  into  six  parts,  and  proceeding  as  before,  multiply  the  second, 
fourth  and  sixth  breadth  by  four,  the  third  and  fifth  by  two,  add 
the  products  together,  and  to  the  sum  add  the  first  and  seventh 
breadths,  then  multiply  by  one-third  the  interval  as  before. 

Having  found  the  areas  of  each  section  as  above,  number  them 
from  the  bow,  thus,  the  one  at  the  bow  itself  is  called  one,  the  next 
aft  is  called  two,  etc. 

Then  multiply  the  even-numbered  areas,  just  arranged,  by  four, 
the  odd-numbered  areas  (except  fir.it  and  last)  by  two  ;  to  the  sum 
of  these  products  add  the  first  and  last  areas,  if  they  yield  anything, 
and  multiply  the  result  by  one-third  the  interval  of  length  between 
the  areas;  this  result  is  the  contents  of  the  ship  in  cubic  feet, which, 
divided  by  one  hundred,  is  the  register  tonnage,  subject  to  the  fol- 
lowing additions. 

If  there  be  a  poop  or  other  closed-in  space  on  upper  deck  for  cargo, 
stores,  or  for  accommodation  of  passengers  or  crew,  its  tonnage  is  to 
be  found  by  taking  the  mean  length,  dividing  it  into  two  equal  parts, 
measuring  its  three  inside  breadths  at  the  middle  of  the  height, 
viz. :  one  at  each  end  and  one  at  the  middle  of  the  length ;  add  the 
end  breadths  and  four  times  the  middle  breadth  together,  and  mul- 
tiply by  one-thiFil  interval  between  breadths  and  by  the  mean  height; 
then  divide  by  one  hundred  for  the  tonnage  and  add  this  to  the  ton- 
nasre  as  found  above,  under  tonnage-deck. 

If  the  ship  has  a  third  deck,  the  tonnage  between  it  and  ton- 
nage-deck is  found  by  taking  the  length  at  the  middle  of  the  heigh!; 
between  decks  from  plank  at  sv^  ol  &\ftxxv\fi  "W^a  lining  on  stern- 
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timbers,  and  dividiDg  it  into  the  same  number  of  parts  as  before, 
measure  also  at  the  same  height  the  breadths  at  each  point  of  divi- 
sion, then,  commencing'  at  the  stem,  number  them  successively,  one, 
two,  three,  etc.;  multiply  the  even-numbered  breadths  by  four,  the 
odd-numbered  breadths  by  two  (except  the  first  and  last) ;  to  the  sum 
of  these  products  add  the  first  and  last,  and  multiply  by  one-third  the 
interval  between  breadths,  and  by  the  mean  height ;  then  divide  by 
*one  hundred,  and  add  the  result  to  the  tonnage  below  tonnage-deck. 

In  computing  the  tonnage  of  open  vessels,  the  upper  edge  of  the 
upper  strake  is  to  form  the  boundary  line  of  measurement,  and 
the  depth  shall  be  taken  from  an  athwart-ship  line,  extending  from 
the  upper  edge  of  said  strake  at  each  division  of  the  length. 

The  reg^ter  of  a  vessel  expresses  the  number  of  decks :  the  ton- 
nage under  the  tonnage  deck;  that  of  the  between  decks  above  the 
tonnage  deck  ;  also  that  of  the  poop  or  other  enclosed  spaces  above  the 
deck,  each  separately.  In  every  registered  United  States  veesel,  the 
number  denoting  the  total  registered  tonnage  must  be  deeply  carved 
or  otherwise  permanently  marked  upon  her  main-beam,  and  shall  be 
so  continued  ;  and  if  at  any  time  it  cease  to  be  so  continued,  such  ves- 
sel shall  be  no  longer  recognized  as  a  registered  United  States  vessel. 

The  rule  adopted  in  England  is  essentially  the  same  as  that  estab- 
lished in  this  country:  the  measurements  are  made  in  feet  and 
decimals,  and  the  principles  of  calculation  are  identical.  Vessels  are 
divided  as  follows  :  Not  exceediDg  50  feet  in  length,  into  4  parts  ; 
not  exceeding  120  feet  in  length,  into  6  parts ;  not  exceeding  180 
feet  in  length,  into  8  parts  ;  not  exceeding  225  feet  in  length,  into 
10  parts;  over  225  feet  in  length,  into  12  parts. 

Deductions  AUowed. — (1)  Buildings  for  the  shelter  of  passengers 
^xnly ;  (2)  space  allotted  to  crew ;  1(3)  space  occupied  by  the  propel- 
ling-power. 

Surveyor's  Rule  for  Approximate  Register  Tonnage. 

L=length  in  feet.     B= breadth  in  feet.     G= girth  in  feet. 
B=approximate  gross  regfister  tonnage. 

R=  (  —  —  \    L  for  wood  and  composite  ships. 

18      /GxB\2_-      .  . 

R= -—— TV  (  — - —  I    L  for  iron  vessels. 
10,000  V     2    / 

34 
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Factors  for  Measurement  and  Dead-weight  Cargoes. — 1.  To 
ascertain  approximately  for  an  average  length  of  voyage  the  measoie- 
ment  cargo,  at  forty  feet  to  the  tx>n,  which  a  ship  can  carry  : 

Rule. — MuUiplif  the  number  of  register  tons  by  tJie  factor  1.875, 
and  the  product  will  be  the  approximate  measurement  cargo. 

2.  To  ascertain  approximately  the  dead -weight  cargo  in  tons 
which  a  ship  can  carry  on  an  average  length  of  voyage  : 

Rule. — Multiply  the  number  of  register  tons  byl.b^  and  the  pro- 
duct  will  be  the  approximate  dead-weight  cargo. 

With  regard  to  the  cargoes  of  coasters  and  colliers,  about  ten  per 
cent,  may  be  added  to  t^e  said  results,  while  about  ten  per  cent 
may  be  deducted  in  the  cases  of  larger  vessels  going  on  long  voyages. 

In  the  cases  of  measurement-cargoes  of  steam- ve«^els,  the  spaces 
occupied  by  the  machinery,  fuel,  and  passenger-cabins  below  decks 
must  be  deducted  from  the  space  or  tonnage  under  the  deck  before 
the  application  of  the  measurement-factor  thereto. 

In  the  case  of  dead-weight  cargoes,  the  weight  of  machinery, 
water  in  the  boilers,  and  fuel  must  be  deducted  from  the  whole 
dead-weight,  as  ascertained  above. 

The  deductions  necessary  to  be  made  for  provisions,  stores,  etc., 
are  allowed  for  in  the  selection  of  the  two  factors. 

Builder's  Tonnage  ;  or,  Old  Measurement  Tonnage. 

To  Compute  the  Builder'' s  Tonnage, 

Rule. — Measure  the  length  of  the  vessel  along  the  rabbet  of  the 
keel  from  the  back  of  the  main  stem-post  to  a  perpendicular  line  let 
fall  from  the  fore  part  of  the  main  stem  under  the  bowsprit; 
measure  also  the  extreme  breadth  to  the  outside  planking,  exclusive 
of  doubling-planks.  Three-fifths  of  that  breadth  is  to  be  subtracted 
from  the  lengt  h  ;  the  remainder  is  called  the  length  of  keel  for  ton- 
nage. Multiply  the  length  of  keel  for  tonnage  by  the  breadth,  that 
product  by  the  half -breadth,  and  divide  by  94.  The  quotient  will 
be  the  tonnage. 

If  L=:length,  B  — breadth  ;  then 

Tonnage  (B.0.M.)=<^f^^ii5 
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Measurement  of  Yachts  for  Tonnage. 
Royal  Thames  Taclit  Club, 

BxjiiE. — Measure  the  length  of  the  yacht  in  a  straight  line  at  the 
deck,  from  the  fore  part  of  the  stem  to  the  after  part  of  the  stem- 
post,  from  which  deduct  the  extreme  breadth,  which  is  measured 
from  the  outside  of  the  outside  planking;  the  remainder  is  the 
length  for  tonnage.  Multiply  the  length  for  tonnage  by  the  extreme 
breadth ;  that  product  by  half  the  extreme  breadth  ;  and  divide  the 
result  by  94 ;  the  quotient  will  be  the  tonnage.  If  any  part  of  the 
stem  or  stem-post  project  beyond  the  length  as  taken  above,  such 
projection  or  projections  shall,  for  the  purpone  of  finding  the  ton- 
nage, be  added  to  the  length  taken  as  before  mentioned.  All  frac- 
tional parts  of  a  ton  shall  be  considered  as  a  ton.  The  measure- 
ment to  be  taken  either  above  or  below  the  main- wale. 

If  L= length,  B= breadth,  then 

(L-B)xBxiB. 
Tonnage = ^ 

C(yiHnthian  and  New  Thames  Yacht  Cluhs, 

RuiiE. — Measure  the  length  and  breadth  as  in  the  foregoing  rule, 
and  the  depth  up  to  the  top  of  the  coveriDg-board ;  multiply  the 
length,  breadth,  and  depth  together,  and  divide  the  result  by  200  ; 
the  quotient  will  be  the  tonnage. 

If  L= length,  B=breadth,  D= depth,  then 

^  LxBxD 

ToDnage=      ^^ 

The  New  York  Yacht  Club  eettle  time  allowances  quite  apart  from 
*'  tonnage."  Their  tables  are  based  upon  the  area  obtained  by  mul- 
tiplying the  extreme  length  of  the  yacht  on  or  under  the  water-line, 
from  the  fore  side  of  the  stem  to  the  aft  side  of  the  stern-post,  by 
the  extreme  breadth  wherever  found. 

Summing  up  these  ditferent  rules  for  yacht  measurement,  it  must 
be  admitted  that  no  plan  yet  employed  is  free  from  objection  ;  the 
two  most  trustworthy  methods  appear  to  be  *  *  displacement  tonnage^" 
and  ''register  tonnage." 
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Dannbe  and  Suez  Canal  Rules. 

The  80-caJled  ^'  Dannbe  mle*'  for  tonnage,  is  based  npon  the  Eng- 
lish tonnage  law  of  1854,  the  allowance  for  coal^and  machinery  being 
50  per  cent,  aboye  the  meaenred  space  assigned  to  machinery  in  pad- 
dle-steamers, and  75  per  cent,  in  screw-steamers. 

The  tariff  of  the  Suez  Canal  is  also  based  upon  the  same  law.  The 
dues  are  charged  upon  the  **  net  tonnage."  The  spaces  measured 
for  the  gross  tonnage  are  :  space  under  the  tonnage  deck;  space  be- 
tween tonnage  deck  and  uppermost  deck ;  all  covered  or  closed-in 
spaces,  such  as  poop,  forecastle,  officers'  cabins,  galleys,  cook-houses, 
deck-houses,  wheel-houses,  and  other  inclosed  or  covered-in  spaces 
employed  for  working  the  ship. 

The  deductions  permitted  are  :  berthing  accommodation  for  the 
crew,  not  including  spaces  for  stewards  and  passengers*  seryants; 
berthing  accommodation  for  the  officers,  except  the  captain  ;  gal- 
leys, cook-houses,  etc  ,  used  exclusively  for  the  crew ;  covered  and 
closed-in  spaces  above  the  uppermost  deck,  employed  for  working 
the  ship.  In  none  of  these  spaces  must  cargo  be  carried  or  passen- 
gers berthed,  and  the  total  deduction  under  all  these  heads  must 
not  exceed  five  per  cent,  of  the  gross  tonnage.  In  steamers  with 
fixed  coal-bunkers,  the  rule  of  the  English  code  may  be  followed,  or 
the  owners  may  choose  to  have  their  vessels  measured  by  the  Dan- 
ube rule.  Vessels  with  shifting  bunkers  would  be  measured  by  the 
Danube  rule.  In  no  case,  except  in  tugs,  must  the  deduction  for 
the  propelling  power  exceed  fifty  per  cent,  of  the  gross  tonnage ;  so 
that  the  minimum  tonnage  upon  which  a  vessel  can  pay  dues,  in  pass- 
ing through  the  canal,  is  forty-five  per  cent,  of  her  gross  tonnage. 


SAILXNG. 

(Mackroic) 

Oentre  of  Iiateral  Resistance, 

77ie  Centre  of  Lateral  Resistance  is  the  centre  of  application  of  re- 
sistance of  the  water  ;  and  as  this  varies  in  position  with  the  speed 
of  the  ship,  etc.,  it  is  not  determined,  bub  a  point  is  generally  taken 
at  the  centre  of  the  immersed  longitudinal  vertical  middle  plane  of 
the  vessel  as  sufficiently  accnxaXA, 
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Centre  of  Sffort. 

The  point  in  the  longitudinal  vertical  middle-plane  of  a  vessel 
which  is  traversed  by  the  resultant  of  the  pressure  of  the  wind  on 
the  sails  is  termed  the  centre  of  effort ;  its  position  varies  according 
to  the  quantity  of  sail  spread,  etc.,  but  its  position  is  determined  for 
purposes  connected  with  designing  the  sails,  all  plain  sail  being  taken 
— that  is,  the  sails  that  are  commonly  used,  and  which  can  be  car- 
ried with  safety  in  a  fresh  breeze. 

In  calculating  the  position  of  the  centre  of  effort  the  sails  are 
taken  braced  right  fore-and-aft. 

To  find  the  Height  of  the  Centre  of  Effort  above  the  Centre  of  Lateral 

RcMstance. 

BULE. — Multiply  the  area  of  eaoh  sail  by  the  height  of  its  centre 
of  gravity  above  the  centre  of  lateral  resistance  ;  take  the  sum  of 
those  products  (or  moments)  and  divide  it  by  the  total  area  of  sail : 
the  quotient  will  be  the  required  result. 

To  find  the  Lateral  Position  of  the  Centre  of  Effort  relatively  to  the 

Centre  of  Lateral  Hesistance, 

BuLE. — 1.  Multiply  the  area  of  each  sail  whose  centre  lies  to  one 
side  of  a  vertical  axis  passing  through  the  centre  of  lateral  resistance 
by  the  perpendicular  distance  of  its  centre  from  that  axis,  and  add 
the  products  together. 

2.  Treat  the  other  sails  whose  centres  lie  to  the  other  side  of  the 
axis  of  moments  in  the  same  way,  and  add  their  moments  to- 
gether. 

3.  The  difference  between  the  two  sums,  divided  by  the  total  area 
of  sail,  will  give  the  distance  of  the  centre  of  effort  from  the  given 
axis. 

Note. — The  centre  of  effort  will  lie  to  that  side  which  has  the 
greatest  moment  of  sail. 

Ardency. 

Ardency  is  the  tendency  a  ship  has  to  fly  up  to  the  wind,  thus 
showing  that  the  position  of  her  centre  of  effort  is  abaft  the  centre 
of  lateral  resistance. 
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Slackness. 

Slackness  is  the  tendency  a  ship  has  to  fall  off  from  the  wind, 
thus  showing  that  the  position  of  her  centre  of  effort  is  before  the 
centre  of  lateral  resistance. 

Relative  Position  of  Centre  of  S£Ebrt  and  Centre  of  Ijateral  Re- 
sistance. 

•  Let  I)  =  distance  of  centre  of  effort  before  centre  of  lateral  resistance. 
*'  i>i=        ''  ''  ''     above         ''  '' 

"  rf   =         **  *'       buoyancy  of  ship  below  load  water-line. 

''  di  =         "  '*       lateral  resistance  abaft  the  middle  of  the 

load-line. 
"  efa  =        "  "       lateral  resistance  before  tlie  middle  of 

load-line. 
*'  A  =:area  of  load  water-line. 
•'  L  =length  ''  '' 

1J=-^..  (^    ,^Y        square-rigged  vessels. 
-^— iTwTt — T\  ^^^  fore-and-aft-rigged  vessels. 

■"•-5  d 

The  centre  of  efforti  of  sails  to  produce  the  best  effect  must  be 
higher  or  lower  according  as  the  ship  is  more  or  less  full  at  the 
water-line  compared  with  the  fulness  of  the  body  at  the  extremities 
below  the  water. 

Vessels  that  are  full  at  the  water-line  and  clean  below  at  the  ex- 
tremities require  the  higher  mast. 

Apparent  Direction  and  Velocity  of  Wind. 

SmIs  are  not  fixed  in  position  but  necessarily  move  with  the  ship. 
Hence,  in  dealing  with.  t\ie  pto^\\\&Vs^  lotoi^  ol  ^  "wind^  it  is  neces- 
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Rary  to  take  account  also  of  the  motion  of  the  ship  ;  or,  as  it  is  usu- 
ally expressed,  it  is  necessary  to  determine  the  apparent  direction 
and  velocity  of  the  wind.  This  can 'be  done  easily  in  any  case  for 
which  the  course  and  speed  of  the  ship,  as  well  as  the  true  direction 
and  velocity  of  the  wind,  are  known. 

Take  the  case  of  a  vessel  sailing  on  a  wind  close-hauled.  To  sim- 
plify matters,  let  a  single  square  sail  be  considered,  set  on  the  yard 
XY  in  Fig.  11.  A  B  represents  the  middle  line  of  the  ship,  the  out- 
line of  the  **  plan  "  being  indicated.  The  line  W  Wi  represents  the 
aetn-al  direction  of  the  wind  ;  let  M  W,  represent  (on  a  certain  scale 
of  feet)  its  velocity.  The  line  C  C  shows  the  course  of  the  ship ;  and 
on  Wi  D  (which  is  drawn  parallel  to  C  C)  a  length,  Wi  D,  is  set  off  to 
represent  a  motion  equal  and  opposite  to  that  of  the  ship,  the  same 


Fig.  11. 


Rcale  being  used  for  Wi  D  as  was  employed  for  the  length  M  Wi. 
Join  M  D  ;  then  M  D  represents  in  magnitude  and  direction  the  ap- 
parent velocity  of  the  wind.  MD  is  greater  thsLH  the  actual  velocity 
M  Wr,  but  its  direction  makes  a  more  acute  angle  with  the  sail  on 
X  Y  than  does  the  actual  direction  W  Wi. 

The  case  of  a  ship  sailing  with  the  wind  abaft  the  beam  is  illus- 
trated in  Fig.  12;  the  reference  letters  being  the  same  vxa  t\\»«=^«^  \s^ 
Fig.  11^  no  description  ia  needed.     Here  Ui^  xei«vj\\ax^\>  ^^^  ^»»^^^>^ 
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than  the  actual  yelooity  M  Wj ;  but,  as  in  the  previous  case,  it  makes 
a  more  acute  angle  with  the  sail  on  X  Y. 


V: 

D- 


FiG.  12. 

Impulse  of  Wind. 

velocity  of  wind  in  knots  per  hour. 

direct  impulse  in  pounds,  on  one  square  foot. 

i>  =  ^=  F2. 006667. 
150 

Speed  of  Similar  Vessels  under  Sail. 

F=  velocity  of  ship.  D  =  displacement  of  ship. 

X  =  area  of  midship  section.  A  =  area  of  sails. 

c  and  Ci  coDst:itits  obtained  from  similar  vessels. 


IV'X 


A  = 


vx     vw\ 


c- 
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Heeling  Moment  of  Sails. 

JS  =  effective  impnlBe  of  wind  on  sails. 
D  =  displacement  of  vessel  in  pouods. 

C  =  height  of  centre  of  effort  above  centre  of  lateral  resistance. 
G  =■  height  of  metacenkre  above  centre  of  gravity. 
X  =  length  of  arm  of  righting  couple  at  a  given  angle  of  heel. 
Jf  =  heeling  moment  of  sails. 

a  =  angle  made  by  plane  of  sails  with  course  of  ship. 
0  =  angle  of  heel  of  vessel. 

M=  C  X  E  X  cos.  a  x  cos.  <p. 

The  steady  angle  of  heel  of  a  vessel  due  to  if  will  be  that  at  which 
M—Dx  Ox  sin.  0  (for  small  angles  of  heel). 
M  =  L  X  D  (for  any  angle  of  heel). 

In  the  two  last  formulae  the  reduction  in  the  effective  heeling- 
power  of  the  wind  due  to  the  sails  being  inclined  from  the  upright 
position  has  been  neglected,  but,  if  necessary,  the  diminution  of  the 
effective  pressure  of  the  wind  may  be  taken  to  vary  as  the  cosine 
squared  of  the  angle  of  heel. 

Note. — In  a  general  sense  the  moment  of  sail  is  understood  to  be 
the  product  of  the  area  of  all  plain  sail  into  the  height  of  the  centre 
of  effort  above  the  centre  of  lateral  resistance,  as  the  pressure  of 
the  wind  is  commonly  taken  as  one  pound  to  the  square-foot,  and  the 
product  of  the  weight  of  the  ship  in  pounds  into  the  height  of  the 
metacentre  above  the  centre  of  gravity,  divided  by  the  moment  of 
sail,  is  taken  as  a  measure  of  her  efficiency  to  resist  inclination  under 
canvas. 

Area  of  Sait 

To  determine  accurately  the  quantity  of  sail  suitable  for  any  vessel 
to  carry,  make  the  moment  of  sail  equal  to  the  moment  of  stability 
at  a  definite  angle  of  heel.  The  following  rule  may,  however,  be 
taken  as  sufficiently  approximate : 

A  =  quantity  of  sail  suitable  to  a  given  vessel. 

D  =  displacement  of  vessel  in  pounds. 

M  =  height  of  metacentre  above  centre  oi  g;tQiV\\>^ . 
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H  =  height  of  centre  of  effort  above  centre  of  lateral  resistance. 
<l>  =  angle  of  heel  in  circular  measure  suitable  to  a  given  vessel, 
token  from  the  following  table. 


A= 


DxMx^ 


Angle  of  Steady  Heel  for  Diflferent  Classes  of  Vessels. 


Class  of  Vessel. 

Angle  of  HeeL 

Ciicolar  Measure 

Frigates  and  large  merchant  ships 

Corvettes  and  small  merchant  vessels  -. . 
Schooners 

4'' 
5° 
6° 

6"  to  9° 

.070 
.087 
.105 

Yachts , . 

.105  to  .107 

Effect  of  a  Gust  of  Wind  on  a  Ship's  Sails. 

The  effect  of  a  sudden  gust  upon  a  ship's  sails  is,  as  a  rule,  to  heel 
her  over  to  an  extreme  angle  of  heel  of  about  twice  the  steady  angle 
at  which  the  same  constant  pressure  of  wind  would  keep  her. 

USEFUL  RULES  IN  MENSURATION. 

I. — To  find  the  circumference  of  a  circle,  the  diameter  being  given, 
and  vice  versa, 

1.  Multiply  the  diameter  by  3.1416,  the  result  will  be  the  cir- 
cumference. 

2.  Divide  the  circumference  by  3. 1416,  and  the  result  will  be  the 
diameter. 

II. — To  find  the  area  of  a  circle,  the  diameter  being  given,  and  t?*cd 
versa, 

1.  Multiply  the  square  of  the  diameter  by  .7854.     Result — area. 

2.  Divide  the  area  by  .78o4,  and  take  the  square  root  of  the  quo- 
tient, the  result  will  be  the  diameter. 

///. — To  find  the  stir  face  oi  bi  c^Vmd^t.^  tihA  diameter  and  length 

being-  given. 
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Moltlplj  the  diameter  by  3.1416  to  get  the  circumference  of  the 
section,  and  again  mnltlply  this  product  by  the  length. 

IV. — To  find  the  volume  of  a  cylinder,  the  diameter  and  length 
being  given. 

Multiply  the  square  of  the  diameter  by  .7854  to  get  the  area  of 
the  section,  and  then  multiply  this  area  by  the  length. 

V. — To  find  the  surface  of  a  sphere. 

Multiply  the  diameter  of  the  sphere  by  its  circumference,  and  its 
product  will  be  the  surface. 

VI. — To  find  the  volume  of  a  sphere. 

Multiply  the  cube  of  the  diameter  by  .5236,  and  the  product  will 
be  the  volume  required. 

VII. — To  find  the  volume  of  a  cone. 

Proceed  as  in  IV. ,  and  divide  the  result  by  3. 

VIII. — To  find  the  area  of  an  ellipse. 

Multiply  the  greatest  and  least  diameters  together,  and  that  pro- 
duct by  .7854,  the  result  will  be  the  area. 

IX. — To  find  the  circumference  of  an  ellipse. 

Multiply  half  the  sum  of  the  two  d.ameters  by  3.1416,  and  the  re- 
sult will  give  the  circumference  sufficiently  accurate  for  ) practice. 

X. — Ar  a  of  a  triangle  =  one-half  the  base  multiplied  by  the  per- 
pendicular. 

XI. — Square  inches  divided  by  .7854  =  circular  inches. 

Circular  inches  multiplied  by  .7854  =  square  inches. 

To  Find  the  Weight  of  a  Known  Substance  of  Given 

Dimensions. 

Having  found  the  volume,  if  the  result  be  in  cubic  feet,  multiply 
by  the  weight  of  a  cubic  foot;  but  if  the  volume  be  in  cubic  inches, 
multiply  by  the  weight  of  a  cubic  inch,  and  divide  the  product  so 
obtained  by  1728. 

Area  of  a  square  =  square  of  one  side. 

Side  of  a  square  =  square  root  of  area. 

Area  of  a  parallelogpram  =  length  x  perpendicular  breadth. 

Square  inches  x  .007  =  square  feet. 

Cubic  inches  x  .00058  =  cubic  feet. 

Cubic  inches X. 003617  =  imperial  galloii  ^ueaxV^^, 
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Cubic  feet  x  6.252  =  imperial  g^allon. 
Avoirdupois  pounds  x  .00893  =  hundred- weights. 
Avoirdupois  pounds  x  .00045  =  tons. 

To  Calculate  the  Floating  Power  of  Spars,  Casks,  etc 

The  weight  they  will  sustain  is  the  difference  between  their  own 
weight  and  that  of  the  water  which  they  displace. 

To  ascertain  the  weight,  multiply  the  squara  of  the  mean  diameter 
in  inches  by  .7854  to  find  the  area  ;  multiply  the  area  by  the  length 
to  find  the  cubic  contents,  and  the  product  by  the  weight  of  a  cube 
foot  of  the  material. 

Example. — Top-mast. — Leng^th— 64  feet ;  main  diameter  =  21  in, ; 

64  feet  =  768  inches;    and  ?l!-iLl?^§5iii^^  =  154  cubic  inches; 

1728 

154  X  64.18  (the  weight  in  pounds  of  one  cubic  foot  of  salt  water)  = 

9,883.7  pounds ;  154  x  363  (the  weight  in  pounds  of  one  cubic  foot  of 

Norway  spars) ;  floating  power  of  spar,  -^ — -^ — ? =38  hundred- 

4,293.5  pounds 

weight. 

To  find  the  contents  of  square  or  four-sided  timber,  multiply  the 
mean  breadth  by  the  mean  thickness,  and  the  product  by  the  length. 

To  find  the  solid  contents  of  round  timber,  multiply  the  square  of 
one-fifth  of  the  mean  girth  by  twice  the  length. 

In  making  use  of  tanks,  casks,  etc. ,  for  floating  purposes,  the  in- 
ternal capacity  is  immediately  obtained  by  multiplying  the  gallons 
it  holds  by  10,  and  subtracting  the  weight  of  the  tac^  or  cask.  This 
gives  the  floating  power  in  pounds. 

In  constructing  a  raft,  it  should  be  borne  in  mind  that  all  the 
weight  of  human  beings  is  to  be  placed  on  it,  and  that  a  great  qaan- 
tity  of  provisions  and  water  may  be  safely  carried  under  it. 

For  instance,  a  cask  of  beef  slung  beneath  would  be  116  pounds; 
above,  300  pounds. 

In  calculating  the  floating  powers  of  casks,  the  weight  of  the 
caskB  themselves  need  not  be  taken  into  consideration,  as  when  they 
are  submerged  it  is  mappxftc\a^A^. 
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THB  UNITBD  STATES  UFE-SAVINa  SBRVIOB. 

As  now  organized,  the  Life-Saving  Service  embraces  twelve  dis- 
tricts, comprising  one  hundred  and  ninety-five  stations,  which  are 
divided  into  three  classes,  known  as  Life-saving  Stations^  Life-boat 
Jettons,  and  Houses  of  Befuge. 

Each  district  is  in  charge  of  a  superintendent,  who  is  required  to 
be  an  inhabitant  of  the  region,  and  familiar  with  the  use  of  sui^- 
boats  and  life-saving  apparatus. 

The  superintendent  nominates  the  keepers  of  his  district,  who 
must  be  experienced  surf -men. 

Each  district  is  in  charge  of  the  keeper,  who  is  by  law  an  in- 
spector of  customs,  and  is  authorized  to  take  charge  of  all  property 
cast  on  shore,  and  to  prevent  smuggling.  He  is  responsible  for  the 
condition  of  the  station,  commands  the  crew,  and  conducts  all 
operations. 

All  Life-saving  Stations  are  fully  supplied  with  wreck-guns,  boats, 
beach  apparatus,  rnd  all  things  necessary  for  ministering  to  the  im- 
mediate wants  and  comforts  of  those  saved.  They  also  furnish 
quarters  for  the  keepers  and  crews. 

The  majority  of  the  stations  are  provided  with  the  international 
code  of  signals,  and  vessels  can  have  themselves  reported,  obtain  the 
latitude  and  longitude  of  the  station,  information  as  to  weather 
probabilities,  or,  if  disabled,  request  the  services  of  a  steam-tug. 

The  crews  patrol  the  beach  four  miles  on  each  side  of  their  sta- 
tions four  times  between  sunset  and  sunrise,  and  in  foggy  weather 
throughout  the  day. 

Each  man  carries  Ooston  signals,  and  upon  discovering  a  vessel 
standing  into  danger,  one  of  them  is  ignited  to  warn  her ;  or,  in  case 
of  the  vessel  being  on  shore,  to  inform  the  crew  that  assistance  is 
at  hand. 

Life-boat  stations  are  also  fully  furnished  with  life-saving  appa- 
ratus, boats,  wreck-g^ins,  restoratives,  etc. 

The  keeper  is  required  to  live  near  at  hand,  keep  a  bright  lookout 
for  distressed  vessels,  and  to  rally  the  men  when  needed. 

Volunteer  crews  of  eight  men  are  enrolled,  and  they  are  required 
to  be  vigilant  to  observe  the  signal  for  their  assembly  in  stormy 
weather. 

Houses  of  refuge  located  on  the  Florida  co«l^  «t^  «qiy^^^  ^^i^ 
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boats,  provisions,  and  restoratives,  but  not  manned  with  crews.  A 
keeper  resides  in  each  during^  the  year,  who,  after  every  storm,  is 
required  to  make  extended  trips  along  the  coast  to  find  and  Bacc(A 
any  persons  that  may  have  been  cast  on  shore. 

Instructions  for  the   Guidance  of  Masters  and  Seamen  when 
Using  the  Apparatus  for  Saving  Iiife  in  Oases  of  Shipvirreck. 

In  case  a  vessel  is  not  discovered  at  once  after  striking,  rockets 
or  fiare-up  lights  should  be  burned ;  or,  in  foggy  weather,  guns  fired 
to  attract  attention. 

When  driven  on  shore  near  a  station,  the  crew  should  remain  by 
their  vessel  until  assistance  orrrives,  and  should  not  attempt  to  land 
through  the  surf  in  their  own  boats  until  all  hope  of  assistance  from 
the  shore  is  gone. 

On  the  discovery  of  a  vessel  in  distress,  the  boat  is  launched  and 
proceeds  to  the  wreck,  if  practicable.  Upon  its  reaching  the  vessel, 
the  directions  of  the  keeper,  who  steers  the  boat,  should  be  followed. 
Women,  children,  and  invalids  should  be  passed  into  the  boat  first, 
then  the  remaining  passengers  and  crew.  The  Captain  should  re- 
main on  board  until  the  last,  to  preserve  order. 

No  baggage  or  other  goods  are  to  be  taken  into  the  boat  until  all 
are  landed. 

When  the  life-boats  cannot  be  used,  recourse  is  had  to  the  wreck- 
gun  and  beach  apparatus,  and  the  people  landed  by  means  of  the 
life -car  or  the  breeches-buoy. 

A  shot,  with  a  small  line  attached,  is  fired  across  the  vessel.  This 
line  should  be  at  once  hauled  in  until  a  tail-block,  with  a  whip  rove 
through  it,  is  received.  Attached  to  the  block  will  be  found  a  board, 
with  directions  in  English  and  French,  as  follows :  '*  Make  the  tail  of 
the  block  fast  to  the  lower-mast  well  up.''^  If  the  masts  ure  gone,  se- 
cure it  as  high  up  as  possible. 

Cast  off  the  shot-line  ;  see  that  the  rope  runs  freely  through  the 
block;  and  signal  to  shore  by  waving  a  hat,  flag,  or  handkei chief ; 
or,  if  at  night,  let  a  rocket,  a  blue-light,  or  a  gun  be  fired  ;  or  let  a 
light  be  displayed  over  the  ship's  side  and  be  again  concealed. 

As  soon  as  the  signal  is  seen,  a  light  hawser  will  be  bent  to  the 
whip,  and  hauled  off  to  the  ship  by  the  shore  people.  The  crew  can 
also  assist,  by  hauling  on  the  whi^  on  board  the  vessel. 
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When  the  end  of  the  hawser  is  at  hand,  a  board  will  be  discovered 
haying  the  following  directions  in  English  and  French  :  ''''Make  this 
Tuiwser  fast  about  tvx>feet  above  t/ie  tail-block;  see  all  dear,  and  show 
signal  to  the  shoi^e." 

Care  should  be  taken  that  there  are  no  turns  of  the  whip  round 
the  hawser  before  the  latter  is  made  fast. 

When  the  hawser  is  fast  and  the  whip  clear  for  runaing,  the  haw- 
ser will  be  hauled  taut  on  shore,  and  by  means  of  the  whip  a  life- 
car,  suspended  from  rings  running  on  the  hawser,  or  the  breeches- 
buoy,  hung  from  a  traveller- block,  will  be  sent  off. 

If  the  breeches-buoy  be  sent,  a  man  should  at  once  get  into  it, 
placing  his  legs  through  the  breeches.  If  the  car,  the  hatch  must 
be  opened ;  as  many  persons  placed  inside  as  it  will  hold  (generally 
six) ;  and  the  hatch  secured  outside  by  the  bar  and  hook.  Signals 
should  then  be  made,  and  the  car  will  bo  hauled  ashore.  This  will 
be  repeated  until  all  are  landed.  On  the  last  trip  of  the  car,  the 
hatch  must  be  secured  by  the  inside  bar.  Children  may  be  brought 
on  shore  in  the  buoy,  by  being  held  in  the  arms  of  older  persons,  or 
securely  lashed  to  the  buoy. 

If  the  strength  of  the  current,  or  danger  of  the  wreck  breaking 
up  immediately,  make  it  advisable  not  to  send  off  the  hawser,  the 
breeches-buoy  or  life-car  will  be  hauled  off  by  the  whip  or  line,  and 
the  people  landed  through  the  surf. 

If  a  vessel  is  stranded  at  night,  and  the  red  light  which  announces 
its  discovery  by  the  patrol-man  be  seen,  a  bright  lookout  should  be 
kept  for  the  boat,  which  may  not  arrive  for  from  one  to  four  hours, 
according  to  circumstances. 

Lights  on  the  beach  will  show  the  arrival  of  the  crew  opposite  the 
vessel,  and  the  sound  of  guns  may  be  taken  as  evidence  that  a  line 
has  been  fired  across  the  vessel.  A  strict  search  should,  therefore,  be 
made  aloft  for  the  line. 

To  sum  up : 

Bemain  by  the  toreck,  unless  the  vessel  is  breaking  up. 

If  not  at  once  discovered^  bum  rockets  or  flare-up  lights^  and  in  foggy 
weather,  fire  guns. 

See  the  whip  dear  before  making  the  hawser  fa^t. 

Send  women  and  cliUdren  on  shore  flrst. 

Keep  eoolj  and  attend  to  the  foregoing  rules. 
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HINTS  TO  BATHBRS. 

Avoid  bathing  within  two  hours  after  a  meal. 

Avoid  bathing^  when  exhausted  by  fatigue  or  any  other  cause. 
Avoid  bathing  when  tlie  body  is  cooling  after  perspiration ;  but 
bathe  when  the  body  is  warm,  provided  no  time  is  lost  in  getting 
into  the  water.  Avoid  chilling  the  body  by  sitting  or  standing 
NAKED  on  the  banks  or  in  boats  after  having  been  in  the  water. 

Avoid  remaining  too  long  in  the  water — cleave  the  water  immedi- 
ately there  is  the  slightest  feeling  of  chilliness. 

Avoid  bathing  altogether  in  the  open  air,  if  after  having  been  a 
short  time  in  the  water  there  is  a  sense  of  chilliness,  with  numbness 
of  the  hands  and  feet. 

The  vigorous  and  strong  may  bathe  early  in  the  morning  on  an 
empty  stomach  ;  the  young  and  those  who  are  weak  had  better 
bathe  three  hours  after  a  meaL  The  best  time  for  such  is  from  two 
to  three  hours  after  breakfast. 

All  that  is  necessary  to  keep  a  person  from  drowning  in  deep 
water  is  to  keep  the  water  out  of  the  lungs.  Suppose  yourself  a 
bottle — your  nose  is  the  mouth  of  the  bottle,  and  must  be  kept  oat 
of  the  water  ;  if  it  goes  ynder,  do  not  breathe  at  all  till  it  comes  out ; 
keep  legs,  arms,  all  under  but  your  nose ;  do  that,  and  yon  cannot 
sink  in  any  depth  of  water.  All  you  need  do  to  secure  this  is  to 
clasp  your  hands  behind  your  back,  point  your  nosj  upward  toward 
ilie  heavens,  and  keep  perfectly  still.  Your  nose  will  never  go 
under  water  unless  you  raise  your  chin,  hand,  knee,  or  foot  above  it. 

INSTRUCTIONS  FOR  SAVING  DROWNING  PBRSONS 
BY  SWIMMING  TO  THEIR  RX2UEF. 

First. — When  you  approach  a  drowning  person  in  the  water, 
assure  him  with  a  loud  and  firm  voice  that  he  is  safe. 

Second. — Before  jumping  in,  divest  yourself,  as  far  and  as  quickly 
as  possible,  of  all  clothes — tear  them  off  if  necessary  ;  but,  if  there  is 
no  time,  loose,  at  all  events,  the  foot  of  your  drawers  if  they  are  tied, 
as  if  you  do  not  do  so  they  fill  with  water  and  drag  you. 

Third. — On  swimming  to  any  person  in  the  sea,  if  they  are  strug- 
gling, do  not  seize  them  then,  but  keep  off  for  a  few  seconds  till 
thej  ^et  quiet,  for  it  is  sheer  madness  to  take  hold  of  them  when 
they  are  sfcruggling  in  the  walex  \  \t  -joxv  ^q,  iQrQ.T>a». «.  ^teat  risk. 
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Fourth. — Then  get  close  to  them  and  take  fast  hold  of  the  hair  of 
the  head,  tnrn  them  as  quickly  as  possible  on  their  back,  give  them  a 
sudden  pull,  and  this  will  cause  them  to  float ;  then  throw  yourself 
on  your  back  also  and  swim  for  the  shore,  both  hands  having  hold  of 
their  hair,  you  on  your  back  and  they  also  on  theirs,  and  of  course  their 
back  to  your  stomach.  In  this  way  you  will  get  sooner  and  safer 
ashore  than  by  any  other  means,  and  you  can  easily  thus  Bwim  with 
two  or  three  persons ;  the  writer  has  even,  as  an  experiment,  done 
it  with  four,  and  gone  with  them  forty  or  fifty  yards  in  the  sea. 
One  great  advantage  of  this  method  is  that  it  enables  you  to  keep 
your  head  up,  and  also  to  hold  the  person^ s  head  up  you  are  trying 
to  save.  It  is  of  primary  importance  that  you  take  fast  hold  of  the 
hair,  and  throw  both  the  person  and  yourself  on  your  backs.  After 
many  experiments  it  is  usually  found  preferable  to  all  other  methods. 
Tou  can  in  this  manner  float  nearly  as  long  as  you  please,  or  until  a 
boat  or  other  help  can  be  obtained. 

Fifth. — It  is  believed  there  is  no  such  thing  as  a  death-grasp,  at 
least  it  is  very  unusual  to  witness  it.  As  soon  as  drowning  persons 
begin  to  get  feeble  and  to  lose  recollection,  they  gradually  slacken 
their  hold  until  they  quit  it  altogether.  No  apprehension  need  there- 
fore be  felt  on  that  head  when  attempting  to  rescue  a  drowning 
X)erBon. 

Sixth. — After  a  person  has  sunk  to  the  bottom,  if  the  water  be 
smooth,  the  exact  position  where  the  body  lies  may  be  known  by  the 
air-bubbles  which  will  occasionally  rise  to  the  surface,  allowance 
being  of  course  made  for  the  motion  of  the  water  if  in  a  tide- 
way or  stream,  which  will  carry  the  bubbles  out  of  the  perpen- 
dicular course  In  rising  to  the  surface.  A  body  may  be  often  re- 
gained from  the  bottom  before  too  late  for  recovery,  by  diving  for 
it  in  the  direction  indicated  by  these  bubbles. 

Seventh. — On  rescuing  a  person  by  diving  to  the  bottom,  the 
hair  of  the  head  should  be  seized  by  one  hand  only,  and  the  other 
used  in  conjunction  with  the  feet  in  raiting  yourself  and  drowning 
person  to  the  surface. 

Eighth. — If  in  the  sea,  it  may  sometimes  be  a  great  error  to  try 
and  get  to  land.  If  there  be  a  strong  "  outsetting  "  tide  and  you 
are  swimming,  either  by  yourself  or  having  hold  of  a  person  who 
cannot  swim,  then  get  on  your  back  and  fVoa\.  \.Vi\\ifeV^  cwc^^^. 
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Ninth. — These   instructions    apply  alike  to  all  circumstances, 
whether  the  rousfhest  sea  or  smooth  water. 


•■o' 


TRXSATMZ3NT  OF  THB  APPARENTIiY  DROWNED. 

The  Following  Directions  for  Restoring  Uie  Apparently  Drowned 
are  from  tJie  L  ttest  Instructions  issued  by  our  Life- Saving  JServics; 
they  are  those  of  Dr.  Howard. 

Where  you  can  do  so,  send  immediately  for  a  reg^ar  medical 
practitioner. 

Rule  I. — Arouse  tlie  Patient. — Unless  in  danger  of  freezing,  do 
not  move  the  patient,  but  instantly  expose  the  face  to  a  current  of 
fresh  air,  wipe  dry  the  mouth  and  nostrils,  rip  the  clothing,  so  as  to 
expose  the  chest  and  waist,  and  give  two  or  three  quick  smarting 
slrips  ou  the  stomach  and  chest  with  the  open  hand.  If  the  patient 
does  not  revive,  proceed  thus; 

Rule  II. — 7o  Draw  off  Water ^  etc.  ^  from  tlie  Stomach  and  CJiest. 
— If  the  jaws  are  clinched,  separate  them,  and  keep  the  mouth 
open  by  placing  between  the  teeth  a  cork,  or  small  bit  of  wood ; 
turn  the  patient  on  the  face,  a  large  bundle  of  tightly  rolled  cloth- 
ing being  placed  beneath  the  stomach,  and  press  heavily  over  it  for 
half  a  minute,  or  so  long  as  fluids  flow  freely  from  the  mouth. 

Rule  III. — To  Produce  Breathing. — Clear  the  mouth  and  throat 
of  mucus  by  introducing  into  the  throat  the  comer  of  a  handker- 
chief wrapped  c-osely  around  the  f  oreSnger ;  turn  the  patient  on 
the  back,  the  roll  of  clothing  being  so  placed  as  to  raise  the  pit  of 
the  stomach  above  the  level  of  any  other  portion  of  the  body.  If 
there  be  another  person  present,  let  him,  with  a  piece  of  dry  cloth, 
hold  the  tip  of  the  tongue  out  of  one  comer  of  the  mouth  (this  pre- 
vents the  tongue  from  pulling  back  and  obstructing  the  windpipe), 
and  with  the  other  hand  grasp  both  wrists,  and  keep  the  arms  forci- 
bly stretched  back  above  ^he  head,  thereby  increasing  the  promi- 
nence of  the  ribs,  which  tends  to  enlarge  the  chest.  The  two  last- 
named  positions  are  not,  however,  essential  to  success.  Kneel  beside 
or  astride  the  patient's  hips,  and  with  tbe  balls  of  the  thumbs  rest- 
jng  on  either  side  of  the  pit  of  the  stomach,  let  the  fingers  fall  into 
the  grooves  between  the  shoit  \\\sa,  ?»q  «Ji  Xa  ^w.^t»ha  best  grasp  of 
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the  waist.  Now,  using  your  knees  as  a  pivot,  throw  all  your  weight 
forward  on  your  hands,  and  at  the  same  time  squeeze  the  waist 
between  them,  as  if  you  wished  to  force  everything  in  the  chest 
upward  out  of  the  mouth  ;  deepen  the  pressure  while  you  can  count 
slowly  one,  two,  three  ;  then  suddenly  let  go  with  a  final  push, 
which  springs  you  back  on  your  first  kneeling  position.  Remain 
erect  on  your  knees  while  you  can  count  one,  two,  three ;  then 
repeat  the  same  motions  as  before,  at  a  rate  gradually  increased 
from  four  or  five  to  fifteen  times  in  a  minute,  and  continue  thus  this 
bellows  movement,  with  the  same  regularity  that  is  observable  in 
the  natural  motions  of  breathing  which  you  are  imitating.  If  natu- 
ral breathing  be  not  restored  after  a  trial  of  the  bellows  movement 
for  three  or  four  minutes,  then,  without  interrupting  the  artificial 
respiration,  turn  the  patient  a  second  time  on  the  stomach,  as 
directed  in  Rule  II,,  rolling  the  body  in  the  opposite  direction  from 
that  in  which  it  was  first  turned,  for  the  purpose  of  freeing  the  air 
passages  from  any  remaining  water.  Continue  the  artificial  respira- 
tion fiom  one  to  four  hours,  or  until  the  patient  breathes  ;  and  for  a 
while  after  the  appearance  of  returning  life,  carefully  aid  the  first 
short  gasps  until  deepened  into  full  breaths.  Continue  the  drying 
and  rubbing,  which  should  have  been  unceasingly  practised  from 
the  begfinning,  taking  care  not  to  interfere  with  the  means  employed 
to  produce  breathing.  Thus,  the  limbs  of  the  patient  should  be 
rubbed,  always  in  an  upward  direction  toward  the  body,  with  firm 
grasping  pressure  and  energy,  using  the  bare  hands,  dry  flannels  or 
handkerchiefs,  and  continuing  the  friction  under  the  blankets  or 
over  the  dry  c  lothing.  The  warmth  of  the  body  can  also  be  pro- 
moted by  the  application  of  hot  flannels  to  the  stomach  and  arm- 
pits, bottles  or  bladders  of  hot  water,  heated  bricks,  stones,  etc ,  to 
the  limbs  and  soles  of  the  feet. 

Rule  IV. — After- Treatment. — ExteimaUy  :  As  soon  as  breathing 
is  established,  let  the  patient  be  stripped  of  all  wet  clothing, 
wrapped  in  blankets  only,  put  to  bed  comfortably  warm,  but  with 
a  free  circulation  of  fresh  air,  and  left  to  perfect  rest.  liittiTially  : 
Give  a  little  brandy  and  hot  water,  or  other  stimulant  at  hand, 
every  ten  or  fifteen  minutes  during  the  first  hour,  and  as  often 
thereafter  as  may  seem  expedient.  Later  maiiifestations :  After 
reaction  is  fully  established  there  is  great  danger  of  congestion  of 
the  lungs,  and  if  peilect  rest  is  not  ma\ii\iame6[  ioit  ^\»  \^'a^  \sstss^- 
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eight  hours,  it  sometimes  oocnrs  that  the  patient  is  seized  with  great 
difficulty  of  breathing,  and  death  is  liable  to  follow  unless  imme- 
diate relief  is  afforded.  In  such  cases  apply  a  large  mustard  plaster 
over  the  breast.  If  the  patient  gasps  for  breath  before  the  mustard 
plaster  takes  effect,  assist  the  breathing  by  carefully  repeating  the 
artificial  respiration. 

AOOIDBNTS,  INJURIES,  AND  POISONS. 

Roles  to  be  FoUow^ed  where  Surgical  Assistance  Cannot  be  at 

Once  Obtained. 

The  dangers  to  be  feared  are :  S^iock,  loss  of  blood,  and  suffering 
in  moving  the  patient. 

In  shock  the  injured  person  lies  pale,  faint,  and  sometimes  in- 
sensible. A  person  with  such  symptoms  should,  if  possible,  be  placed 
flat  on  the  back,  with  1  he  head  and  shoulders  dighUy  raised.  The 
cravat  and  collar  should  be  loosened  or  removed.  If  the  injury  is 
slight,  reaction  will  soon  come  on  after  giving  a  little  spirits  and 
water,  or  aromatic  spirits  of  ammonia  and  water,  every  couple  of 
minutes.  External  warmth  should  be  applied  to  the  limbs  and  the 
pit  of  stomach,  and  the  body  well  wrapped  iu  blankets  to  assist  re- 
action. Bottles  of  hot  water,  or  hot  bricks,  may  also  be  wrapped  in 
cloths,  and  placed  alon^  the  sides  and  between  the  legs. 

Food,  in  the  shape  of  strong  soup,  should  be  given  now  and  then. 

If  the  weather  is  hot,  a  palm-leaf  fan  will  assist  greatly  ;  also  a 
little  eau  de  cologne  oa  a  handkerchief,  applied  to  the  nostrils. 

Loss  of  Blood.  —To  check  the  flow  of  blood  from  a  wound,  the 
principle  to  be  acted  upon  is  to  check  the  flow  of  blood  to  the  part. 
Should  the  bleeding  bn  from  an  artery,  in  which  case  it  comes  forth 
in  spurts  and  is  of  a  brii^ht  red  color,  pressvre  must  be  made  on  the 
main  artery  of  the  limb,  above  the  wound,  on  the  side  of  the  wound 
nearest  the  heart. 

If  the  blood  be  from  a  wounded  vein,  it  flows  in  a  stream  and  is 
of  a  dark  color  ;  in  this  case  pressure  must  be  made  heloio  the  wound 
for  a  short  time,  after  which  a  small  pad  of  lint  and  a  bandage  over 
the  wound  will  suffice. 

To  check  the  current  of  blood  in  the  main  artery  of  the  arms  or 
Jegs,  feel  for  the  artery  on  t.\ie  vanet  «A^  ^^1  ^JafeXvcoIoa.,  'where  it  will 
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be  recognized  by  its  pulsations;  lay  a  firm  compress  across  the 
course  of  the  artery,  pass  a  handkerchief  around  the  limb  and  com- 
press ;  pass  a  stick  under  the  handkerchief,  on  the  outer  side  of  the 
Umb,  and  twist  it  until  sufficient  tightness  is  produced  to  arrest  the 
bleeding  ;  then  secure  the  stick  to  prevent  its  untwisting. 

The  arteries  will  be  found  coursing  toward  the  inner  side  of  both 
limbs.  In  applying  the  tourniquet  or  handkerchief,  the  pad  should 
be  on  the  inner  side,  the  screw  or  knot  on  the  outer  side  of  the 
limb.  A  compress  or  pad  may  be  made  of  a  piece  of  wood,  a  cork, 
or  round  stone  wrapped  in  cloth.  Care  should  be  taken  to  examine 
the  limb  from  time  to  time,  and  to  lessen  the  constriction  if  it  be* 
comes  very  cold  or  purple ;  tighten  the  tourniquet  if  the  bleeding 
begins  afresh. 

Elevation  of  the  wounded  part  above  the  rest  of  the  body  will  con- 
tribute much  to  check  the  bleeding. 

The  application  of  cold  is  good  when  the  bleeding  is  from  several 
points  scattered  over  a  large  surface  ;  it  is  conveniently  applied  by 
letting  cold  water  drip  from  a  sponge  upon  the  bleeding  points,  or 
by  the  application  of  ice  in  a  rubber- bag. 

When  these  immediate  measures  have  been  u^ed,  there  is  time  to 
use  what  physicians  call  ^^haemostatics,*'  to  stop  the  blood.  Alum 
or  gallic  acid  may  be  dusted  on  the  part  in  powder,  or  poured  over 
it  in  solution.  Tincture  of  iron  and  nitrate  of  silver  are  also 
used. 

Fractures. — If  any  of  the  limbs  be  fractured,  they  should  be  tem- 
porarily splintered  with  two  or  four  pieces  of  light  wood  tied  at  each 
end  with  handkerchiefs  passed  twice  round,  like  an  old-fashioned 
necktie.  If  a  broken  limb  be  not  splintered,  the  ends  may  be  forced 
through  the  skin  if  the  patient  be  carried. 

To  transport  a  wounded  person,  let  the  patient  be  laid  on  a  door 
or  some  firm  support,  properly  covered  Have  sufficient  force  to 
lift  steadily,  and  tiie  bearers  should  not  keep  step. 

Dislocations. 

Whenever  a  bone  is  dislocated,  there  is  a  deformity  at  joint  and 
loss  of  motion. 

The  sufferer  usually  becomes  faint.  While  this  condition  exists, 
an  attempt  should  be  made  to  reduce  the  bone  into  ^o&IUo^Sl.     I^  \& 
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snrprising  how  easily  this  may  be  done,  if  it  be  tried  at  once,  by  ex- 
tension and  counter-extension  by  jack-towels  or  sheets. 

If,  for  example,  the  dislocation  takes  place  at  the  shoulder-joint, 
a  cloye-hitch  by  towel  should  be  applied  above  the  elbow-joint,  and 
steady  traction  made  in  the  direction  of  the  uxis  of  the  bone  by  a 
strong  man,  while  two  others  make  counter- extension  by  another 
towel  or  sheet  in  the  arm-pit,  crossed  toward  the  sound  shoulder. 
This  may  be  held  by  two  men,  or  made  fast  to  a  ring-bolt;  or  the 
heel  may  be  placed  ia  tne  arm-pit,  while  a  towel  is  clove-hitched 
above  the  elbow-joint.  The  limb  should  be  steadily  palled  down- 
ward, while  the  heel  assists  to  force  the  head  of  the  dislocated  bone 
outward  and  upward  into  it:)  natural  position.  A  loud  snap  is 
always  heard  when  the  bone  returns  into  its  socket. 

Dislocation  at  Hip.  — Clove-hitah  above  knee  ;  second  sheet  on  in- 
side of  thigh  for  counter-extension  ;  and  make  fast  to  bolt  on  deck 
or  ship's  side. 

BruLHes. — Use  hotrfomentations  at  first  After  inflammation  has 
subsided,  use  stimulating  applications,  as  vinegar  and  water,  alcohol, 
etc. 

Sprains. — Elevate  the  limb  ;  keep  the  joint  perfectly  quiet ;  apply 
lukewarm  lotions  or  fomentations.  When  inflammation  has  ceased 
apply  stimulating  liniments,  as  soap  or  camphor  liniments,  and 
bandages ;  shower  the  part  with  cold  water,  alternating  with  warm 
water,  or  the  hot  and  cold  douches. 

Burns  or  Scalds. 

Do  not  cut  the  bladder.  The  readiest  application  may  be  flour 
from  the  dredging-box,  laid  oa  thick  as  possible.  Lime-water  and 
oil  in  equal  parts  is  excellent,  covered  with  cotton-wadding. 

The  object  is  to  exclude  the  air  and  prevent  suppuration.  Do  not 
change  the  dressing  for  four  or  five  days  unless  there  be  profuse  dis- 
charge or  bnd  odor.  Resinous  ointment,  spread  on  lint  sprinkled 
witli  turpentine,  is  another  excellent  application.  If  the  scald  is  ex- 
tensive and  on  the  body,  cold  applications  are  not  proper.  Keep  the 
air  from  the  wound  ;  this  can  be  done  by  the  dressing  already  sug- 
gested for  bums. 

Sunstroke. 

TsLke  the  patient  imiiiQd\Oi\>ft\^  VxkJwi  \Jaft  ^V^^  \  \)lace  in  a  semi* 
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recumbent  position,  head  raised  ;  loosen  the  clothes  about  neck  and 
chest ;  apply  immediately  ice  or  cold  wet  cloths  to  the  head  and 
nape  of  the  neck,  changing  them  frequently.  Then  douche  over 
bead,  spine,  and  chest,  from  a  height  of  about  three  feet.  Patient 
to  be  fanned  to  produce  a  cold  current  of  air.  Mustard  to  limbs  and 
sides  — stimulants. 

Poisons. 

In  all  cases  of  poisoning,  the  first  step  is  to  give  the  antidote,  if 
known,  and  then  evacuate  the  stomach.  The  last  should  be  effected 
by  a  mustard  emetic,  a  tablespoonful  of  mustard  in  a  cup  of  water, 
or  a  tablespoonful  or  two  of  common  salt  in  a  tumbler  of  water. 
When  vomiting  has  already  taken  place,  copious  draughts  of  warm 
water  or  warm  mucilaginous  drinkn,  soap  and  water  or  oil  should 
be  given  to  keep  up  the  effect  till  the  stomach  has  been  thor- 
oughly cleared. 

ANTiDOTEa — For  any  of  the  strong  acids:  Common  chalk,  oil, 
or  soapsuds. 

For  Arsenic  :  Magnesia,  powdered  charcoal,  oil,  and  lime-water. 

For  Prussic  Acid :  Cold  affusion,  ammonia. 

For  Opium  :  Keep  patient  walking,  strong  coffee,  slap  with  flat 
ruler,  sting  with  nettles,  mustard  emetics. 

Asphyxia. 

Asphyxia  arises  from  carbonic  acid,  from  charcoal  fumes,  and 
other  gases  interfering  with  the  respiration.  The  face  becomes  turgid 
and  livid,  owing  to  the  accumulation  of  impure  blood.  The  patient 
in  this  case  should  be  placed  with  the  head  high,  so  as  to  facilitate 
the  flow  of  blood  from  the  brain,  which  is  congested ;  the  clothes 
should  be  taken  off,  and  he  should  be  douched  with  co^d  water.  Am- 
monia should  be  applied  to  the  nose,  etc. ;  the  face  and  body  should 
be  sponged  with  brandy  or  vinegar  and  water ;  friction  all  over ;  and 
artificial  respiration  if  recovery  is  not  evident. 

Fever  and  Ague. 

Fever  and  Ague  is  always  preceded  by  an  ague  fit :  it  has  three 
stages,  the  cold,  hot,  and  sweating  stage. 

First,  The  cold,  when  teeth  chatter. 
4    Seeondy  The  hot,  with  high  fever. 
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Third,  The  sweatiiig,  when  moisture  appears,  and  feeling  of 
health  returns. 

In  the  event  of  there  being  no  physician  :  in  cold  stage  give  hot 
drinks,  hot  foot-bath,  hot  bottles  to  sides  and  limbs. 

In  hot  stage,  give  cooling  drinks,  half  teaspoonful  of  sweet  spirits 
of  nitre  in  water  every  two  hours. 

Daring  sweating  stage,  rub  with  dry  towels.  In  intermission  give 
quinine  ia  from  two  to  ten  g^ain  doses  every  three  hours,  for  a  few 
doses:  afterward  give  ten  drops  of  tincture  of  iron  three  times  a 
day  for  a  week.  Avoid  the  hot  sun  and  damp  evening  and  morning 
air.  If  singing  in  the  ears  should  come  on  while  taking  quinine,  the 
dose  should  be  either  lessened  or  suspended  altogether. 

To  Restore  Persons  Affected  by  Cold. 

Pot  Frost-bite  or  Numbness,  — Return  warmth  gradudUy  by  warm 
water. 

For  a  Frozen  Limb. — Rub  with  snow,  and  place  in  cold  water  for  a 
time.  When  sensation  returns,  place  again  in  cold  water ;  add  heat 
vei^  gradtcaUy  by  warm  water. 

If  Apparently  Dead  or  Insensible. — Strip  entirely  of  clothes,  and 
caver  body,  except  mouth  and  nostrils,  with  snow  or  ice,  or  place  in 
cold  water.  When  body  is  thawed,  dry  it,  place  it  in  a  cold  bed ; 
rub  with  warm  hands  under  the  cover  ;  continue  this  for  hours.  If 
life  appears,  give  small  injections  of  camphor  and  water ;  put  a  drop 
of  spirits  of  camphor  on  tongue  ;  then  rub  body  with  spirits  and 
water,  finally  with  spirits ;  then  give  tea,  coffee,  or  brandy  and  water. 

Fainting. 

When  a  person  suddenly  grows  pale  and  faint,  he  should  be  imme- 
diately placed  full  length  on  the  floor,  the  head  being  kept  low.  The 
face  may  be  dashed  with  cold  water.  In  this  position  he  will  quickly 
recover — this  owing  to  the  head  having  been  placed  low  so  as  to 
facilitate  the  flow  of  blood  to  the  brain. 

Drunkenness. 

Drunkenness  in  a  severe  form  may  cause  death  by  apoplexy ;  it 
is  a,  poisoning  by  alcohol.     The  individual  should  be  placed  in  a 
Bemi-recumheni  position,  Y?\t\i  \ift«A  qh  oraa^i^^  t^  favor  vomitin"^ 
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all  the  clothing  about  the  neck  being  freely  opened.  A  douche, 
from  a  height,  of  cold  water  on  face,  head,  and  neck,  will  probably 
rouse  him.  It  is  difficult  to  get  an  emetic  to  act  in  this  state,  yet  a 
tablespoonful  of  mustard,  in  half  a  tumbler  of  water,  had  better  be 
gfiven,  to  excite  vomiting.  If  the  respiration  becomes  embarrassed, 
artificial  respiration  should  be  used,  as  directed  in  case  of  drown- 
ing. The  preparation  called  acetate  of  ammonia  (to  be  had  at  any 
apothecary's)  taken  in  ounce  doses  every  half -hour,  is  said  to  have 
-  a  most  magical  effect  in  restoring  drunken  men  to  sobriety ;  about 
three  doses  ought  to  suffice. 

Bite  of  a  Mad  Dog. 

In  the  absence  of  a  surgeon  to  excise  the  part,  which  is  the  proper 
treatment,  the  wound  should  be  quickly  washed,  sucked,  and  caustic 
freely  applied  to  the  bottoms  of  the  teeth-punctures.  If  no  caustic 
be  at  hand,  a  hot  iron- wire  may  be  used  as  an  actual  cautery,  or 
gunpowder  may  be  placed  in  the  wounds  and  ignited. 

■ 

Marsh  Poison. 

When  men  are  employed  on  detached  service  in  boats,  or  are  other- 
wise exposed  in  a  swampy  region,  they  should  be  supplied  with 
quinine  to  guard  them  against..the  marsh  poison.  Four  grains 
i^ould  be  administered  before  i^rting  in  the  morning  and  four  on 
their  return  ;  but  if  they  should  be  exposed  for  twelve  hours,  or  if 
the  exposure  be  over-night,  the  quinine  should  be  continued  until 
they  return  on  board,  and  for  fourteen  days  afterward. 

Strength  for  one  dose : 

Quinine, 4  grains. 

Dilute  sulphuric  acid,       ....       10  drops. 

Water, 2  ounces. 

Rum, 1  ounce. 

By  simple  multiplication  the  above  formula  may  be  mixed,  for 
any  number  of  men  daily. 

Thirst. 

Thirst  is  a  fever  of  the  palate,  which  may  be  somewhat  relieved 
by  other  means  than  drinking  fluids. 
,     The  mouth  is  kept  moist,  and  thirst  la  Tn\t\^aXfc^\s^  ^TLv^iuys^.^^  SS^sa 
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saliva  to  flow.  This  may  be  done  by  chewingf  somethingf,  as  a  leaf, 
or  by  keeping  in  the  mouth  a  bullet  or  a  pebble. 

A  spoonful  of  fat  or  butter  will  act  on  the  irritated  membranes  of 
the  mouth  and  throat.  Life  may  be  proloi^^  without  drinking  by 
keeping  the  clothes  and  skin  constantly  wet,  even  if  the  water  be 
salt. 

Care  must  be  taken  on  giving  water  to  persons  nearly  dead  from 
thirst.     Give  a  little  at  a  time,  and  keep  the  whole  body  wet. 

Water. 

In  all  localities  where  the  quality  of  the  water  is  suspicions,  con- 
densed water  should,  if  pos-ible,  be  used  for  drinking  and  cooking 
purposes.  When  this  is  not  feasible,  the  water  should  be  carefully 
filtered  and  boiled. 

Two  barrels,  one  inside  the  other,  having  a  space  of  four  or  six 
inches  clear  all  round  between  them,  filled  with  layers  of  sand,  gravel, 
and  charcoal,  form  an  excellent  filter.  The  inside  one,  without  a 
bottom,  rests  on  three  stones  placed  in  layers  of  sand,  charcqpJ,  and 
coarse  gravel ;  the  water,  flowing  or  being  poured  into  the  space 
between  the  two  barrels,  and  having  thus  to  force  its  way  through 
the  substances  into  the  inner  barrel,  becomes  purified. 

TJie  water  should  be  drawn  olf  by  means  of  a  pipe,  running 
through  the  outer  into  the  inner  barrel.  Animal  charcoal  is  the 
best.  When,  after  a  time,  it  ceases  to  act,  it  should  be  removed 
and  well  dried.  It  caa  then  be  used  again  with  advantage.  It  is 
impossible  to  use  too  much  of  it. 

The  popular  French  plan  of  purifying  t^irhid  water  {cUumfige  de 
Venn)  simply  consists  in  the  addition  cf  a  small  quantity  of  .nium. 
It  clears  the  water  very  rapidly,  but  merely  converts  the  lime  car- 
bonate into  sulphate,  which  remains  in  solution. 

SHIP   PAPERS. 

The  Following  are  the  Papers  that  rruiy  be  Expected  to  be  Found  on 
Board  a  Mercliant  Vessel^  though  under  Different  NatiorMiUties 
ihey  may  Va  y. 

Every  Merchant  Vessel  should    carry   on    board    some    official 
voucher  for  her  nationality,  issued  by  the  authoiities  of  the  country 
to  which  she  belongs. 
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The  official  voucher  of  a  yesael  which  belongs  to  a  country  pos- 
Bessing  a  register  of  its  mercantile  marine,  is  a  certificate  of  h^r  reg- 
istry ;  in  other  cases  its  form  varies  and  passes  under  different 
names — "passport,"  *' sea-brief,"  etc. 

The  Certificate  ov  Registry  is  a  document  signed  by  the  reg- 
istrar of  the  port  to  which  the  vessel  belongs,  and  usually  specifies 
the  name  of  the  vessel  and  of  the  port  to  which  she  belongs ;  her 
tonnage,  etc.  ;  the  name  of  her  master ;  particulars  as  to  her  origin  ; 
the  names  and  description  of  her  registered  owners. 

TriE  Passpout  purports  to  be  a  requisition  on  the  part  of  a  sover- 
eign power  or  state  to  suffer  the  vessel  to  pass  freely  with  her  com- 
pany, passengers,  goods,  and  merchandise  without  any  hindrance,  . 
seizure,  or  molestation,  as  being  owned  by  citizens  or  subjects  of 
snoh  state.  It  usually  contains  the  name  and  residence  of  the  mas- 
ter ;  the  name,  description,  and  destination  ot  the  vessel. 

The  Sea-letteb,  or  Sea-brief,  is  issued  by  the  civil  authori- 
ties of  the  port  from  which  the  vessel  is  fitted  out ;  it  is  the  docu- 
ment which  entitles  the  master  to  sail  under  the  tlagf  :ir*d  i^stt  of  the 
nation  to  which  he  belongs  ;  and  it  also  specifies  the  nature  and 
quantity  of  the  cargo,  its  owueiship  and  destination. 

Tub  Charter-party  is  the  written  contract  by  which  a  vessel  is 
let,  in  whole  or  in  part ;  the  person  hiring  being  called  the  charterer. 
It  is  executed  by  the  owner  or  master,  and  by  the  charterer.  It  usu- 
ally specifieB  (among  other  things)  the  name  of  the  master,  the 
name  and  description  of  the  vessel,  the  port  where  she  was  lying  at 
the  time  of  the  charter,  the  name  and  residence  of  the  charterer,  the 
character  of  the  cargo  to  be  put  on  board,  the  port  of  loading,  tho 
port  of  delivery,  and  the  freight  which  is  to  be  paid. 

The  charter-party  is  almost  invariably  on  board  a  vessel  which  has 
been  chartered. 

The  Official  Log-Book  is  the  log-book  which  the  master  is  com- 
pelled to  keep  in  the  form  prescribed  in  the  municipal  law  of  the 
country  to  which  the  vessel  belongs. 

Tub  Ship's  Log  is  the  log  kept  by  the  master  for  the  information 
of  the  owners  of  the  vessel. 

The  BuiiiDEuM  Contract  is  to  be  expected  on  board  a  vessel 
which  has  not  changed  hands  since  she  was  built.  It  is  not  a  n.«.<si<&'Q^- 
sary  document,  but  it  sometimes  serves,  in  the  aXi&eiic^  ol\Xi&  \><ds«»v^^^'« 
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er  sea-letter,  or  certificate  of  registry,  to  verify  the  nationality  of  a 
vessel. 

The  Bill  of  Sale  is  the  instrument  by  which  a  vessel  is  trans- 
ferred to  a  purchaser.  It  should  be  required  whenever  a  sale  of  a 
vessel  is  alleged  to  have  been  made  either  during  a  war  or  just 
previous  to  its  commencement,  and  if  there  is  any  reason  to  suspect 
that  the  vessel  is  liable  to  detention,  either  as  an  enemy ^s  vessel  or 
as  an  American  or  allied  vessel  trading  with  the  enemy. 

Bills  of  Lading  usually  accompany  each  lot  of  goods. 

A  bill  of  lading  on  board  is  a  duplicate  of  the  document  given  by 
the  master  to  the  shipper  of  goods  on  the  occasion  of  the  shipment. 
It  specifies  the  name  ot  the  shipper,  the  date  and  place  of  the  ship- 
*  ment,  the  name  and  destination  of  the  vessel,  the  description,  quan- 
tity, and  destination  of  the  goods,  and  the  freights  which  are  to  be 
paid. 

The  Invoices  should  always  accompany  the  cargo  ;  they  contain 
the  particulars  and  prices  of  each  parcel  of  goods,  with  the  amount 
of  the  freight,  duties,  and  other  charges  thereon,  and  specify  the 
name  and  address  of  the  shippers  and  consignees. 

The  Manifest  is  a  list  of  the  vessel's  cargo,  containing  the  mark 
and  number  of  each  separate  package,  the  names  of  the  shippers  and 
consignees ;  a  specification  of  the  quantity  of  goods  contained  in 
each  packai^e,  as  rum,  sugar,  etc. ,  and  also  an  account  of  the  freight 
corresponding  with  the  bills  of  lading. 

The  manifest  is  usually  signed  by  the  ship-broker  who  clears  the 
vessel  out  at  the  Custom- House,  and  by  the  master. 

The  Clearance  is  a  certificate  of  the  Custom-House  authorities 
of  the  last  port  from  which  the  vessel  came,  to  show  that  the  Cus- 
tom duties  have  been  paid.  The  clearance  specifies  the  cargo  and 
its  destination. 

The  Muster-Eoll  contains  the  name,  age,  quality,  place  of  resi- 
dence, and  place  of  birth  of  every  person  of  the  vessel's  company. 

Shipping  Articles  are  the  agreement  for  the  hiring  of  seamen. 
They  should  be  signed  by  every  seaman  on  board,  and  should  de- 
scribe accurately  the  voyage  and  the  terms  for  each  seaman  shipped. 

The  Bill  of  Health  is  a  certificate  that  the  vessel  comes  from 
a  place  where  no  contagious  distemper  prevails,  and  that  none  of  her 
crew  at  the  time  of  her  departure  were  infected  with  a  contagious 
disease. 
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FORBION  SEA  TERMS. 

Sails. 

ExrousH. 

Frbmch. 

It  A  u  AN. 

Spamuih. 

SaU. 

VoUe. 

Vela. 

Vela. 

Main-sail. 

Grande  voile. 

Vela  di  maestra. 

Vela  mayor. 

Main  top-sail. 

Grand  hunier. 

Gabbia. 

Gavia. 

Main      top-gal- 

Grand      perro- 

Gran  velaooio. 

Juanete  mayor. 

lant  sail. 

quet. 

- 

■• 

Main-royal. 

Grand  cacatois. 

Contro  velaccio. 

Sobre  mayor. 

Fore-saiL 

Misaine. 

Trinchetto. 

Sobre  trinquete. 

Fore  top-sail. 

Petit  hunier. 

Parrochetto. 

Sobre  velacho. 

Fore  top-gallant 

Petit  perroquet. 

Piccolo  velaccio 

Juanete  de  proa. 

sail 

0  velaccino. 

Fore-royaL 

Petit  cacatois. 

Contro    velacoi- 

Sobre  de  proa. 

Mizzen  top-sail. 

Perroquet       de 
fougue. 

no. 
Contra  mezzana. 

Sobre  mesaoa. 

Mizzen    top-gal- 

Perruche. 

Belvedere. 

Perico. 

lant  sail. 

Mizzen-royaL 

Cacatois   d'arti- 

Contro      belve- 

Sobre perico. 

mon. 

dere. 

Fore     top-mast  Voile  d*etai  du  Trinchettina. 

Vela  de  estay  de 

stay-sail. 

petit  hunier. 

velacho. 

Gaff  top-sail. 

Voile  a  come. 

Vela  di  pico. 

Cangrejo. 

Jib. 

Foe. 

Fiocco. 

Foque. 

Flying-jib. 

Clinfoc. 

Controfiocco. 

Petifoque. 

Try-sail. 

Brigantine. 

Brigantina. 

Vela  de  estay. 

Spanker. 

VoUe  a  gui. 

Randa. 

Cangreja. 

Lower  studding- 

Bonnette  basse. 

Scopa  mare. 

Rastrera. 

sail. 

Top-mast    stnd- 

Bonnette 

Coltellaccio     di 

Alas  de  gavia. 

ding-sail. 

d'hune. 

gabbia. 

Top-gallant 

Bonnette  de  per- 

Coltellaccio    di 

Alas  de  juanete. 

studding-sail. 

roquet. 

velaccio. 

\ 
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Foreign  Sea  Terms. — Continued. 
Masts,  Yards,  &c. 


English. 

Fbbhch. 

Italian. 

■ 

Spanish. 

Mast. 

Mat. 

Albero. 

Palo. 

Yard. 

Vergue 

Pennone. 

Verge. 

Boom. 

Bome  ou  guL 

Boma. 

Botavara. 

Main-mast. 

Grand  mat. 

Albero    d^maes- 

tra. 
Albero  di  trin- 

Palo  mayor. 

Fore-mast. 

Mat  de  misalne. 

PaJo     de    trin- 

chetto. 

quete. 

Mizzen  mast 

Mat  d'artimon. 

Albero  di  mez- 
zana. 

Palo  de  mesana. 

Bowsprit. 

Beaupr6. 

Bompresso. 

Baupres. 

Top-mast. 

Mat  d^hune. 

Albero   di   gab- 
bia. 

Mastelero. 

Top-gallant 

Mat    de    perro- 

Albero  di  velac- 

Mastelero  de  ju- 

mast. 

quet. 

cio. 

anete. 

Lower  yard. 

Basse  vergue. 

Pennone     mag- 

Verga     mayor ; 

giore. 

Verga  de  trin- 

quete. 

Top-sail  yard. 

Vergue  d'hune. 

Pennone  di  gab- 
bia. 

Verga  de  gabia. 

Top-gallant 

Vergue  de  per- 

Pennone  di  ve- 

Verga    de    jua- 

yard. 

roquet. 

laccio. 

nete. 

Royal -yard. 

Vergue  de  caca- 

Pennone  di  cen- 

Verga de  sobre 

tois. 

tre. 

juanete. 

Top. 

Hune. 

Coffa. 

Cofa. 

Cross-tree. 

Barres  de  perro- 
quet. 

Crocette. 

CrucetAS. 

Cap. 

Chouquet. 

Testa  di  moro. 

Tamborete. 

Track. 

Porame  du  mat. 

Galetta.  - 

Perilla ;     Lalet- 

ta. 
Botalon     de 

Jib-boom. 

Baton  de  foe. 

Asta  di  fiocoo. 

\ 

foque. 
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Foreign  Sea  Terms.— Continued. 
Miscellaneous. 


English. 

Fbemch. 

Italian. 

Spanish. 

Ship. 

Vaisseau ;  B4ti- 

Nave ;       Basti- 

Buque. 

ment. 

1     mento. 

Deck. 

Pont 

Coperta. 

Cubierta. 

Hold. 

Cale. 

Stiva. . 

Bodega. 

Cabin. 

Chambre. 

Camera. 

Camara. 

Windlass. 

Gaindeau. 

Mulinello. 

Molinete. 

GapstAn. 

Cabestan. 

Argano. 

Cabrestante. 

Bitts. 

Bittes. 

Bitte. 

Bitas. 

Compass. 

Bonssole,  Com- 
pas. 

Bussola. 

Aguja,  compds. 

Helm. 

Barre. 

Timone. 

Timon. 

Anchor. 

Ancre. 

Ancora. 

Ancla. 

Cable. 

Cable. 

Gomena. 

Cable. 

Forward. 

A  Tavant. 

A  prora. 

A  proa. 

Aft. 

A  I'arriere. 

A  poppa. 

A  lopa. 

Fore  and  aft. 

A   I'avant  et   b, 

Poppa  a  prora. 

Abarloado;  Pro- 

Tarriere. 

longado. 

Athwart. 

Par  le  travers. 

Al  traverse. 

Por  el  travcs. 

Hawser. 

Grelin. 

Gherlino. 

Guindaleza. 

Starboard 

Tribord. 

Dritta. 

FiStribor. 

Port. 

Babord. 

Sinistra. 

Babor. 

Below. 

En  bas. 

Abasso. 

Abajo. 

Aloft. 

En  haut. 

Ariva. 

Arriba. 

Avast. 

Tenezbon. 

Basto. 

Forte! 

Sb  roads. 

Haubans. 

Sartie. 

Obenques. 

Stay. 

Etai. 

Straglio. 

Estay. 

Back-stajs. 

Galhaubans. 

Patarazzi. 

Brandules ;  Vo- 
lantes. 

Bobstay. 

Sous  barbe. 

Briglia. 

Barbiquejo. 

Lanyards. 

Rides. 

Bide. 

Acolladores. 

Tackle. 

Palan. 

Paranco. 

Aparejo. 
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Foreign  Sea  Temis. — Contirvued, 

EMOIilSH. 

French. 

Italian. 

Spanish. 

Braces. 

Bras. 

Bracci. 

Brazas. 

Tack. 

Amure. 

Mura. 

Amura. 

Sheet. 

Eooute. 

ScottA. 

Escota ;  Escotin. 

Halyards. 

Drisse. 

Drizza. 

Driza. 

Down-haul. 

Carguebas. 

Oarioabasso. 

Cargadera. 

Clew-lines.    » 

Cargues  points. 

Controscotte. 

Chafaldete. 

Bunt-lines. 

Cargues  fonds. 

Mezzi. 

Brioles. 

Brails. 

Cargues  de  voile 

Serrapennoni. 

Candalizas. 

Reef-tackle. 

Palanquin       de 

Paranchini      di 

Amante  de  lizos 

ris. 

terzamolo. 

Bow-line. 

Bouline. 

Boline. 

Bolina. 

Gasket. 

Raban    de    fer- 
lage. 

MatafionL 

Tomador. 

Crew. 

Equipage. 

Equipaggio. 

Tripulacion. 

Boatswain. 

Maitre     d' equi- 
page. 

Nostromo. 

Contramaestre. 

Sail-maker. 

Voilier. 

Veliere. 

Velero. 

Carpenter. 

Charpentier. 

Falegname. 

Carpintero. 

Steward. 

Commis  aux  vi- 
vres. 

Dispensiere. 

Despensero. 

Cook. 

Cuisinier. 

Cuoco. 

Cocinero. 

Seaman. 

Matelot. 

Marinaro. 

Marinero. 

Belay. 

Amarrez. 

Date  volta. 

Amarra! 

Let  go. 

Larguez. 

Larga. 

Larga ! 

Hoist  away. 

Hissez. 

Issa. 

Iza! 

Lower  away. 

Amenez. 

Amaina. 

Arria ! 

Haul. 

Halez. 

Ala. 

Hala! 

Handsomely. 

En  douceur. 

Poco  a  poco. 

Poco  4  poco. 

Hold  on. 

Tenez. 

Agguanta. 

Aquanta ! 

Heave  away. 

Virez. 

Virate. 

Vira ! 

Slack. 

Filez. 

Filate. 

Arria! 

Bear  a  hand. 

Vite. 

Presto. 

Pronto!  Volado! 

Boat. 

Bateau. 

Batello. 

\ 

Bote. 

Sec.  IX. 


FOREIGN  SEA  PHRASES. 


569 


Foreign  Sea  Terms. — Continued. 


ENOIilSH. 

Fbskch. 

Italian. 

Spanish. 

Oar. 

Aviron. 

Remo. 

Remo. 

Clear. 

Clair. 

Chiaro.             • 

Clara. 

Foul. 

Embrouille. 

Impegnato. 

Enrcdado. 

Windward. 

Au  vent. 

Sopravento. 

Barlovento. 

Leeward. 

Sous  le  vent. 

Sottovento. 

Sotavento. 

Catch  hold. 

Attrappez. 

Arresta. 

Agarra! 

Look  out. 

Vigie. 

Guardate. 

Vigia— Tope. 

All  right. 

Tout  droit. 

Va  bene. 

Benno ;     Esta 
bien,  etc. 

FOREION  SEA  PHRASES. 


Heave  away  the 

windlass. 
Sheet  home  the 

top-sails. 

Hoist  the  top- 
sails. 

Hoist  the  top« 
gallant  sails. 

The  anchor  is 
a-weigh. 

Hoist  the  jib. 

Fill  the  head 
sails. 

Set   the    main- 
sail. 
Heady  about. 
Helm's  a-lee. 


Virez  au  cabe- 

stan. 
Bordez  les  hu- 

niers. 

Hissez   les   hu- 

niers. 
Hissez  les  perro- 

quets. 
L'ancre  est  de- 

rape^. 
Hissez  le  foe. 
Bras^ez       plein 

les    voile    de 

I'avant 
Mettez  la  grande 

voile. 
Pare  a  virer. 
Adieu  va. 


Vira  Targ^o. 

Alate  le  scotte 
delle  gabbie. 

Issate  le  gobble. 

Issate  i  velaccL 

L'ancora  ha  las- 

ciato. 
Issate  il  fioco. 
;  Fate   portar   le 

vele  di  proa. 

Spiegate  la  vela 
I     di  meastra.      | 
I  Pronto  a  virare.  ' 
!  Sotto  la  barra.    I 


Vira  cabre- 
stante. 

Caza  d  beser  los 
escoti  nes  de 
las  gavias.* 

Iza  gavias. 

Iza  juanetes. 

El  ancla  ha  lar- 

gado. 
Iza  foque.  , 

Braza  en  viento 

las    velas    de 

proa. 
Amura  mayor. 

Alista  a  virar. 
Orzo  &  la  banda. 


FORBTGS  SEA  PHBASBS. 


Forsign  Sea  PhnuMS. — Gtrntinued, 


Bniaa  tacka  and 

BlieeU. 
Muin-sikil  baiil. 


LSve  IsB  lofs. 


Smnra. 
Tiro  -  raoUa 


Itoiind     in 

Uuul  down 

jib. 
Up  [ure-sail 

Buck   tbo  1 


Let  RO  the  an- 
Clew  lip  the  top- 


j     on  deviuiL)      i 
3  '  Braaaea  oarre.        I 

! 

a'Labarroauvent  |1 

.  'Coromo  ceia!      'l 
■CarBQeilagian.lB    ] 

:  Apptiyez  lea  bras 

].  Halex  basis  foo.  . 

I  Cargnex  la  mi- 

1  j  Brasioz  a  caler  ' 
le  ifrande  hu- 1 

■  j  MouillBE. 

'  Carguez  lea  liu- 

C'lii^ez     I'arti- 

IFilei    de   la 
chaiue. 


Alate    i    brace  [ 
di  EOpraveato, 


k   Cambia  al  medio 

jcargB  6,  pioL 

Broza  bien  &  oe- 


Ando  todo;  To- 
do  de  airiboda 

L   Carga  mayor. 

Afirma  i  bario- 

Airiia  laqae. 

Carga  trinqneta 


I     aia  la  gabbie, 

i  Date    fondo 
!      airanoora. 

Imbrogliiita      If 
gabbie. 

ImbrnglialB      h 


1  Cai^a  gaviaa. 

I    Cargo.  canjCGJa, 

.  Filacaderia;  FI- 
la  oable :  Ania 
uaileua. 
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Foreign  Sea  Phrases. — Continued. 


Enoush. 


Furl  the  sails. 
Hoist  the  ensign 

Coil    the    ropes 

np. 
Right  the  helm. 
Ship  ahoy! 
What     ship     is 

that? 
Where  are  you 

from? 
Where  are  you 

bound  to  ? 
How  many  days 

out? 
Please  to  report 

me. 
Ship's  papers. 

Register. 

Bills  of  lading. 
Manifest. 
Bill  of  health. 

Log-book. 


Fbekch. 


Serrez  les  voiles 

Hissez  le  pavil- 
ion. 

Lovez  les  man- 
Gsuvres. 

Droit  la  barre. 

Ho  du  navire ! 

Quel  est  le  nom 
du  navire  ? 

D*ouvenezvous? 

Oti  allez  vous  ? 

Oombien      de 

jours  en  route? 

Dites  que   vous 

m*avcz  rencontre 

Papiers  du  bord 

ContrSt  de  con- 

Btrtiction. 
Connaissements 
Manifest. 
La    patente    de 

Bant^. 
Journal  de  bord. 


IXAIilAN. 


Spanish. 


Serrate  le  vele. 
Alzate    la   ban- 

diera. 
Raccogliere     la 

manovra. 
II  timone  alia  via 
Ola  bastimento. 
Come  si  chiama 

il  bastimento? 
D'onde  venite  ? 

Dove  andate  ? 

Quanto     tempo 

in  viaggio. 
Annunziatemi. 

Documenti    del 

bastimento. 
Lettere   di  cos- 

struzione. 
ConoscimentL 
Manifesto. 
Certificato       di 

sanita. 
Cuadarmo        di 

chiasnola. 


Af erra  el  velamen 
Iza  la  bandera. 

Aduja  los  cablos 

Caiia  d  la  via. 
Ah  del  buque. 
Como  86  llama 

el  buque. 
De  donde  vicne? 

Adonde  v5  ? 

Guantos  dias  de 

navegacion  ? 
Diga  que   noti- 

cias  traer. 
Los  papelas  del 

buque. 
Registro  de  con- 

struccion. 
Conocimientos. 
Manifiesto. 
Patente  de  sani- 

dad. 
Cuademo  de  bi> 

tacora. 


INDEX. 


ABBREVIATIONS,      hydrographicaL 
191 
Accident,  ^igniUs  for,  64 
Accidents,  injoriea,  etc.,  mles  for  treating, 

556 
Acids,  dipping,  809 
Addison,  Me.,  rates  of  pilotage,  7 
Adjustments  of  sextant,  98 
Adriatic,  bore  of,  131 
Advance  of  ocean  waves,  503 
Advantages  of  Mercator's  chart.  198 
Agne  and  fever,  treatment  of,  569 
Air-pnmps  for  diving,  360 
Airy^s  method  for  great  circle-sailing,  227, 
238 
**     rale  for  velocity  of  tide,  160 
Alabama,  pilot  laws  and  rates  of  pilotage, 

27 
Alarm-compass,  86 
Aleatian  current,  178 
Allowance  of  time  to  yachts,  876,  377 
Alphabetical  table  for  signals,  60 
Altamaha  Bi\er,  Ga.,  pilotage  rates,  83 
Altitade,  observed,  97 
meridian,  230 
single,  for  longitude,  235 
to  observe,  245 
**       to  observe  on  shore,  240 
**        to  reduce  for  change  of  place,  249 
Altitudes,  equal,  for  longitude,  2^ 
Amasson  River,  stream  from,  177 
American  coast,  hurricanes,  cyclones,  etc., 

187 
'*     rainy  seasons,  184 
steam-yachts,  869 
yachts,  866 


it 


«4 


ti 


American  system  of  bu<yyage,  107 

"  '•      of  fog-warnings,  108 

Analjnds  of  sea-water,  446 
Anchorages,  depth  of  water  at.  111 
Anchor,  management  of  engpnes  on  ooah 

ing  to,  451 
Anchoring  boats  on  rocky  ground,  849 

"         in  a  foreign  port,  810 
Anchor  and  cable  in  piloting,  3 
"       '•      for  yachts,  878 

"      in  yachts,  427 
Anchors,  weight  of,  282 

''         boats,  283 

'*         mushroom,  ice,  283 

**         for  yachts,  873 

*'         sea  or  floating^288 

"         to  creep  for,  389 

**        to  carry  out  by  boats,  889.  840 

"         weights  of,  S82 
Aneroid  barometer,  value  of,  124 
Angle,  danger,  209 

*'      helm,  effective,  496 
Angles,  masthead,  table  of,  210  to  214 
Angle  of  steady  heel  for  vessels,  588 

"    to  read,  98 
Angular  distance,  to  measure,  98 
Annul  signal,  50 
Anthracite  coal,  to  stow,  454 
Antidotes  and  poisons,  659 
Antarctic  current,  173,  182 
Apalaohicola,  Fla..  pilotage  rates,  27 
Apparatus  for  diving,  365 

**         for  life-saving,  to  use,  542 
**        for  measuring  speed  of  ships,  87 
**         for  steam  steering,  479 
'  *         lot  ^cJL^VafL  ^«.\«st,  4^ 
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INDEX. 


AlHiMtmt  direction  and  velocity  of   the 
wind.  534  to  686 
time,  867 
»♦        lljrht,  IIM 
AppMrmtly  dn»K'ned«  treatment  of  ,  564 
AratUan  Sea,  windsof,  ISi 
Arc  ct^nversion  into  time,  960 

**    divi^jOon^  of,  98 
AnHio  compass,  84 
**     cwnrent,  ITS 
Anlency  of  shivis,  63S 
An'*  of  sail,  537 

"    of  yacht  sails,  36S 
Annr  ami  navy  si^al  code,  60 
Artificial  horiion,  'Hid 
Asph>'xia«  treatment  of,  669 
Assistance,  si^nial  fbr^  64 
As^>ria,  Orejmn,  rates  of  pilotage,  81 
AstriMu^nical  day,  ^63 
At Jtuttic  City,  N.  J.,  pilotage  rateB,  16 
**      coast,  depths  in  pcurts  and  chan- 
nels, 111 
*'      Ocean,  barometer  in.  1S5, 1S6 
**  M       average   limits   of  trade 

winds.  133 
**         **       rainy    seasons,    cyclones, 

etc,,  133 
"         *'       cwmmts,  178 
ice,  145 
tides.  151 
Attachments  of  Ixnlors,  463 
Attentitui  sijjtmK  47 
Australian  coa.<t«  hurricanes, 

**         currvmt^  181 
Atimuth  nnd  amplitude  of  sun,  75 
ciimi^ss,  75 
tables,  76 


i» 


BACK- ACTING  engines,  4S7 
BiU'k  t)earinps,  use  of,  908 
B.iokinjf  of  winds,  ISi 
BftkiHl  oil,  «r7 

aUnntv  UH'f,  iKKl.  «98,  4i5,  431 
BiiUast  of  yaohts,  %8 
Balloon  canvas,  numngement  of,  409 
sails,  dostiription  of,  493 
fv>re-8ail,  404 
jib,  403 
♦•      top-sail,  404 
Baltimore,  A£d.,  rates  of  pilotage,  18 


tt 


<< 


Bangor,  Me.,  rates  of  pilotage.  7 
Barnaby\s  rule  for  freeboard,  6*S 
Barometer,  129 

*•  aneroid,  124 

"  scales,  FitaEToy'a,  193 

•'  range  of.  124 

**  in  Northern  henusphere,  123^ 

1*^5 

••  in  Southern  hemisphere,  194, 

126 

"  table  of  correction  fw,  127 

"  "of  storms,  138 

'*  measuring  heights  by,  223 

Barometric  pressure   in  Atlantic  Ocean, 
195,126 

"  thermometers,  130 

Bars,  crossing  in  boats,  330 
Bathers,  hints  to,  652 
Bath,  Me.,  rates  of  pilotage,  7 
Batten  instruments  for   rolling  obeem- 

tions,  516  to  518 
Bay  Point.  S.  C.  lates  of  pilotage,  99 
Beaching  boats,  839,  335 
Beacon  Island  Boad,  N.  C,  pUotage  rates, 

91 
Beam-engines,  description  of,  484 
Bearings,  back,  903 

bow  and  beam,  906 
compass,  89 

**        cross,  199 

"        reciprocal,  74 

"        true,  185 

**        to  determine  poeitiona,208  to 206 
Beating  through  channels.  434 
Beaufort  notation,  wind,  138 

*'       N.  C,  rates  of  pUotage,  90 

''        S.  C,  rates  of  pilotage,  99 
Beimt  and  Sidon,  meridkm  distance,  SSI 
Belgium,  S3rstem  of  buoyage,  110 
Bench-mark  in  soundings.  €63 
Bengal,  bay  of,  winds  in,  134 
Benicia,  Cal..  rates  of  pilotage,  80 
Bermuda  Hundred,  rates  of  pilotage,  90 
Bethell's  method  of  creosoting,  809 
Beton,  composition  of,  807 
Biddeford.  Me„  pilotage  rates,  7 
Bill  of  health,  sbip^s  papers,  564 
"     hiding       *•      ■'*         664 
"sale  »*        *•         664 

Bite  of  mad-dog,  to  treat,  561 
Bituminous  coal,  to  stow,  454 
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Black  enamel,  to  make,  303 
**     gun-polish;  300 
paint,  to  ixdx,  294 

*'     to  remove,  401 
polish,  for  iron,  301 
stain,  to  make,  299 
**     varnish,  to  make,  297 
Blades  of  screws,  proper  number,  469 
Blocks,  names  and  uses  of,  266 
Block-straps,  267 

Slow-valves,  bottom  and  sorface,  467 
Blowing  oflf,  loss  by,  447 
Boarding  a  wreck  or  vessel  under  sail,  327 
Boats,  ships,  etc.,  817 

**      weights  and  olassiflcation  of,  317 
anchors,  2a3,  380,  849 
cruising,  equipment,  provisioning, 
etc.,  329,  330 
**       dimensions  of,  323 
*  *      equipments  and  rigs  of,  822  to  824 
**       equipment  for  sounding,  348 
**      steam,  instructions  for  working  the 

engines  of,  322  to  324 
**       practical  hints  on  management,  825 
rule  of  the  road  for,  325 
if  caught  in  a  sudden  squall,  326 
boarding  a  wreck  or  vessel  under 

sail,  327 
in  a  gale  of  wind,  328 
crossing  bars,  330 
landing  in  a  surf,  331,  332 
in  rowing  to  seaward,  333 
**      running  before  a  broken  sea,  333 
beaching  through  surf,  386 
running  warps,  337 
carrying  stores,  838 
general  duties,  338 
laying  out  anchors  by,  339 
for  yachts,  881 
Boat  signals,  52,  54 
Bobstay  carried  away,  413 
Boiled  oU,  297 

Boiler-plate,  kinds  of,  and  tests  for,  472 
Boilers,  varieties  of,  460 

and  attachments,  463 
and  condensers,  galvanic  action 
of,  448 
**        high  pressure,  460 
Boiling-point  thermometer,  180 
Boom,  spinnaker,  to  rig,  403 
»♦      tackle,  270 
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Boots,  to  waterproof,  803 
Boston,  Mass.,  rates  of  pilotage,  9 
Bottom  blow-valves,  467 

**      quality  of,  how  expressed  on  for- 
eign charts.  193 
Bottoms  of  ships,  coating  for,  806 
Bow  and  beam  bearing,  206 
Bower  anchors,  282 
Bowsprit  carried  away,  427,  432 

*•       shroud  gone,  415,  427 
Braca,  or  fathom,  Portuguese,  193 
Brass,  lacquer  for,  SUl 

**      to  prepare  for  lacquering,  301 
"      to  clean,  303 
Brasse,  or  fathom,  French,  192 
Braza,  or  fathom,  Spanish,  192 
Brazil  currents,  177 
Brazos  Santiago,  Texas,  rates  of  pilotage, 

29 
Breaking-strain  of  rope,  278 
Breeches  buoy,  542 
Bridgeport,  Conn.,  pilotage  rates,  11 
Bridgeton,  N.  J.,  rates  of  pilotage,  16 
British  yachts,  particulars  of,  368,  870 
Bronze-dip,  to  make,  302 

**      paint,  to  make,  295 
Brown  bronze-paint,  SOS 
Bruises,  remedy  for,  558 
Brunswick,  Ga.,  pilotage  rates,  21,  23,  34 
Buckner's  method  and  table,  214,  215 
Build er^s  contract,  ship's  papers.  503 

'*       tonnage,  to  compute,  530 
Buoy  and  nipper,  95 
Bucys,  coloring  of,  109 
Buoy  systems,  107 
Buoyancy  of  ships,  520 

•'         reserve  of,  in  ships,  5% 
Burdwood^s  azimuth  tables,  75,  244 
Burnett's  process  for  timber,  310 
Bums  or  scalds,  remedy  for,  658 
Burt's  nipper  and  buoy,  95 
Buys-Ballot's  laws,  barometer,  123 
By-laws  of  N.  Y.  Yacht  Club,  378 

CABINET  varnish,  to  make,  298 
Cables,  chain,  278,  279 
Cables,  length  of,  279 

**      data  concerning,  280 
tests  of,  280 
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CableH,  wire,  281 
Calendar,  Gregorian,  269 
California,  pilot  laws  and  rates,  80 

'*         pilot^R  craising  limitB,  80 
Campbell's  Island,  N.  C,  rates  of  pilot- 
age, 21 
Canada,  sjstem  of  bnoyage,  108 
Cannel-coal  gas,  104 
Canvas,  flax  and  cotton,  284 
to  waterproof,  803 
''       balloon,  to  handle,  402 
*'       storm,  for  yachts,  897 
**       to  carry  in  a  gale,  426 
**       on  schooner  in  a  gale,  481 
Capacity  of  coal  bankers  451,  452 
Cape  Fear  bars  and  river,  N.  C,  rates  of 
pilotage,  21 
"    Horn  current,  178 
Capes  of  the  Delaware,  pilotage  rates,  17 
Captain,  circle  turning  trials  of,  4U9 
Carbolic  acid,  disinfectants,  3U7 
Card,  deviation,  83 
Care  of  chronometers,  252  to  257 
Carrying  away  spars,  427 
**       out  anchors,  839 
"       stores  in  boats,  336 
Case  of  U.  S.  S.  Huron,  203 
Casks,  to  calculate  capacity,  etc.,  311 
Catadioptric  lights,  101,  102 
Catoptric  lights,  101 
Cattle,  to  hoist  in,  312 
Cautionary  si<;nnls,  60 

"  off-shore  signals,  60 

Cedar  Keys,  Fla.,  pilotage  rates,  27 
Cement  for  cloth  or  leather,  306 

'•        "  inside  of  iron  ship's  Iwttoms, 

306 
*'      to  make,  306 
Centigrade  thermometer,  127 
Centre  of  effort  of  sails,  to  find,  533,  634 
Centres  of  lateral  resistance  and  effort, 

relative  positions  of,  632  to  534 
Certificate  of  registry,  ship's  papers,  563 
Chain  cables,  data  concerning,  278,  279 
Channel,  English,  tides  in,  169 
Channels,  depths  of  water  in.  111 

'•         beating  through,  434 
Charleston,  S.  C,  rates  of  pilotage,  23 
Charter  party,  ship's  papers,  563 
Chart  in  piloting?,  4 
"     cyclone,  139 
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Chart,  information  on,  192 
"     Mercator's,  197 
"     how  constnicted,  199 
Chatham,  Mass.,  pilotage  rates,  9 
Check-valves,  468 
China,  currents  in  £.  passages,  182 

"      Sea,  winds,  184 
Chloride  of  lime,  disinfectant,  307 
Cholera,  treatment  of. 
Chronometers,  care  of,  252 

'*  longitnde  by,  at  noon,  2S5 

Chronometer  rates,  255 

**  Shadwell  on,  252 

Circle  deaoribcd  by  sliipa,  to  meastire,  501 
diameter  of  ahip^s,  600 
time  reqoirMl  to  tarn,  500 
taming  trial  of  ship's,  495  to  502 
Circles  turned  by  ships,  real  form  of,  497 
Cirro-cnmulns  clouds,  121 
**    stratus  clouds,  121 
Cirrus  clouds,  121 
City  Point,  Vs.,  pilot«ge  rates,  SO 
Civil  day,  length  of,  258 
Clark  Russell  or  spring  log,  91 
Claw  off  lea  shore,  438,  484 
Cleaning  decks,  809 
Clearance,  ship^s  papers,  564 
Cloth,  cement  for,  306 

'*     to  waterproof,  303 
Clothing,  to  disinfect,  307 
Clouds,  119  to  121 

"      scale  for  denoting,  119 
"      description  of,  120 
Club-hauling  a  schooner,  433 
Coal-bunkers,  capacity  of,  452 

"    space  occupied  by,  454 
Coast    between    Capes    Henlopen    and 

Charles,    life- 
saving     sta- 
tions. 647 
"  ••  "      Henry  and  Pear, 

life-saving  sta- 
tions, 548 
Coast  signal-stations,  59 
Coasting  lead-line,  92,  93 

"       lead,  to  heave,  94 
Coating  for  bottoms  of  iron  ships,  306 
Cocoa-nut  oil.  103 
Cockspur,  Ga.,  rates  of  pilotage,  26 
Code  flags,  44 
\  ^QiQ,^'(:S!ew\&  c>l  ^ueuess  of  ships,  621 
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Cohasset,  Mass.,  pilota«?e  rates,  9 
Cold,  treatmenL  of  those  affected  by,  660 
Colors,  distemper,  806 

*^      for  working  drawings,  S04 
Color  of  Gulf  Stream,  173 
"     of  light-houses,  101 
Colors,  to  mix,  294 

''      to  stain  and  dye.  800 
Coming  to  anchor,  care  of  engines,  461 
Communicate,  signals  for,  64 
Comparison  of  thcrmomet.'ra,  129 
Compass,  mariner8\  67 

»*  in  piloting,  3 

**        degrees  of,  69 

**         of  varions  nations,  70 

**         standard,  73 

**         steering,  72 

**         azimuth,  72 

**         variation  of,  72 

**         deviation  of,  72 

"         to  find  error  of,  78,  74 

"         mechanical  correction  of,  78,  80 

**         -bearings,  to  correct,  82 

**         to  correct  for  deviation,  82 

*'         remarks  on,  84 

*♦         Ritchie's,  84 

'*         Arctic,  84 

"         Thompson's,  85 

"         Duchemin's,  66 

''         alarm,  86 

»*         tell-tale,  86 

*'         signals,  45 
Composition   for  waterproofing  canvas, 

303 
Compound  engines,  advantages  of,  441 
Computations  for  latitndc,  281  to  234 
Concretes,  to  make,  306 
Condensers  for  marine  engines,  445 
Condensing  and  non-condensing  engines, 

484 
Connecticut  pilot  laws  and  rates,  11 
Constant  for  meridian  altitude,  231 
Conbtcllations  of  stars,  225 
Construction  of  chart,  197 
Conversion  of  solar  and  sidereal  timef>, 
261,  '^62 
**  of  time  and  arc,  260 

Copal  vamitih,  298 
Copper  color,  to  mix.  295 

*'      paint  for,  802 

**      to  replace  under  wa/«r,  309 
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Copying-Ink,  to  make,  803 
Coral  reefs,  navigation  among,  6 
Corinthian  and  New  Thames  Yacht  Clubs* 
tonnage  rules,  581 
races,  418 
Corpus  Christi,  Tex.,  pilotage  rates,  29 
Correction  for  barometric  pressure,  127 
•'   run.  237,  238 
**         to  apply  to  soundings,  189 
Co-tidal  lines,  149 
Cotton  canvas,  284 
Course,  on  Mercator's  chart,  198 

'*       Mercator  and  great  circle,  229 
"       to  shape,  227 
Courses  of  New  York  Yacht  Club,  878 
Cream  color,  to  mix,  294 
Creeping  for  anchors,  839 
Creosoting  timber,  309 
Crew  of  yacht,  to  station,  419 
Cross-bearings,  199 
Cruising  yacht,  394 

"      limits  of  pilots,  12, 18,  30 
Cumulo-cirro  stratus  clouds,  121 
Cumulo-stratus  clouds,  121 
Cumulus,  clouds,  121 
Current  observations,  167 

''       log,  91 
Currents,  ocean,  172  to  188 
in  piloting,  4 
drift  and  stream,  173 
temperature  of,  172,  178 
of  Atlantic  Ocean,  173 
Arctic  or  Labrador,  178 
Gulf  Stream,  178 
Guinea.  173 
equatorial,  173 
equatorial  counter,  178 
Brazil  and  Guiana  coasts,  173  to 
177 
**       River  Amazon,  173 
**        Rio  de  la  Plata,  173 
"       Cape  Horn,  178 
"       Indian  Ocean.  182 
»'        Antarctic,  173 
**        Pacific,  178 
Aleutian,  178 

Kuro  Siwo,  or  Japan  Stream,178 
Kamschatka,  180 
*•        Oya  Siwo,  180 
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Corrents,  Paciflo  counter,  181 
Parnvian,  181 
**        Bight  of  Fuiaina*  181 
Pacifio  equntorial,  181 
Australian,  181 
S.E.  drift  in  Padfio,  181 
Easter  passages  to  Ohina,  18A 
on  aonndings,  161 
role  for  velocity  of,  168 
table  for,  168 
tidal,  147 

''    ooast  of  TJ.  8.,  151 
Bn^ish  Gbannei,  169 
Hell  Gate,  167 
Nantucket  Sounds  167 
Vineyard  Soond,  167 
Curve  of  displacement,  6St3 
*•     of  safety,  208 

**     of  tons  per  inch  immeraion,  6SS 
Cutter,  sloop,  and  yawl  rigs  f«?  jtiaittR,  4SS 
Cutter  yachts,  366,  423 

hancUing  of,  808 
rigging,  sails,  qpars^   Ac., 
888  to  891 

Cutting  and  fitting  cutter's  rigging.  424 
'*        **        '*       wire-rigging.  2*16 
♦'        '*        *♦       block-Htrape,  268 
Cutting  off,  economical  point  of,  440 
Cutting  out  sails,  289 
Cycloidal  form  of  wavra,  508 
Cyclone  chart,  139 
Cyclones,  131,  137,  144 

*'        seasons,  limits,  &c.,  137 
Cylindrical  boilers,  460 


II 
It 


DAMA.GE  or  accident  signals,  54 
Danger  angle,  209 

"       signals,  46,  52,  54 
Danish  fathom  or  favn,  192 

"       mariner'd  compa&s,  70 
Danube,  rules  for  tonnage,  632 
Darien,  Ga.,  rates  of  pilotage,  28,  24 
Davidson's  method  of  seasoning  timber, 
308 
''         steam  pump,  488 
Davis'  azimuth  tables,  76,  244 
Day,  civil,  258 
"    astronomical,  fS5S 
"   Boltur,258 
"    Sidereal,  268 


Day,  lunar,  S69 

Daybreak,  to  And  time  of,  223 

Daylight  gun,  time  to  fire,  228 

Dead-reckoning,  6 

Dead -weight,  measurement  tar  eaigoes, 

680 
Decks,  to  whiten,  309,  401 
Deep-sea  water,  theory  of,  502 
**       waves,  theory  of,  508 
Deeps  of  lead,  line,  92,  96 
Deep-sea  lead  line,  92,  98 
'*       lead,  to  heave,  94 
**       thermometers,  180 
D^ree,  length  of,  on  Mercatoi's  chart,  197 
Degrees,  oonversioa  into  time,  260 
Delaware  Breakwater,  rates  of  pilotage,  17 

**       pilot  laws  and  xates,  16 
Departure,  to  take,  209 
Depth  of  sails,  288 
'*     of  water  in  channels,  harbors,  aad 
rivei»of  the  United  States,  111 
Depths,  marked  on  charts,  188 
Description  of  eionds,  120 
Determining  positions,  199 

"  "  by  cross  bearings, 

199 
'*  "by  two  and  three 

objects,  20 
projecting  by  cir- 
cles, 201 
by      straight-line 
projection,  20*2 
by  soundings,  203 
by    latitude    and 
longitnde,  203 
"  **  from  light-honse, 

etc.,  when  ran- 
ning    along 
shore,  206 
Deviation  of  compass,  72 
'*         composition  of,  78 
'*         semicircular,  quadrantaL  etc. 

78,80 
"         heeling  error,  78 

mechanical  correction  of,  78 
to  correct  for,  82 
and  variation  to  correct  for,  83 
on  cross-bearings,  199,  200 
Diagram  of  Atlantic  tides,  152 
tor  range  of  tidc»,  187 
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Diameter,  snii^B,  100 

Dimensions  of  bottta,  8S4 

''         of  duiin  cables,  S80 

"  of  ocean  waves,  610  to  fiiH 

**  of  storms,  187 

Dioptric  lights,  lUl 

Dip  log.  oosine  of,  for  high  pwilnr>  904 
*'  of  borisson,  table  of,  S»D,  ftiS 
''  ''  *'    for  shore  horfaoa,348 

Dipped  brass,  laoqner  for,  8U1 

Dipping  acids,  802 

Direct-acting  engines,  484 

Directions  to  vesael  nnder  way,  64 
**  *♦      '*     at  anchor,  66 

"  **      **     for  saving  crew,  66 

Disinfectants,  807 

Dislocation,  to  treat,  667 

Di^lacement  and  bao7an<7  of  ships,  690 
"  approximate  mles  for,  621 

Distancei,  angolar.  to  measure,  98 

**        of  high  land,  to  measnre,  204 
**       of  horixon,  etc.,  216 
''        signals,  48,  48 
**        of  a  target  at  sea,  217 
**       to  determine   when   object  is 
nearly  abeam,  206 

Distances  by  two  bearings,  rule  for,  207 
**         at  which  ob)eoto  can  be  seen  at 

sea,  208 
*'        meridian,  266 
**        Baper*s  method  of  determining, 

208 
**        to  measure,  208 
"         **       "        on  shore,  218 
**         on  Mercator's  chart,  108 
^*        of  a  vessel,  methods  for  find- 
ing, 217 

Distemper  colont,  296,  806 

Distilled  water,  remarlcs  on,  466 

Distinctive  signals,  46 

Distress  signals,  46,  66 

Districts,  ligh^house,  106 

Diurnal  inequality,  148 

Divers,  instructions  for,  866 

Diving  apparatus,  866 

Doboy  Island,  Gki.,  pilotage  ratofi,  94 

Dove's  tebles  for  law  of  stormii,  148 

Dover  Strait  tide?,  169 

Drab  color,  to  mix,  294 

Draught,  change  of,  in  passing  from  salt 
to  fresh  water,  626 


\  Drawings,  colors  for,  304 

/Dressing  ship,  800 

'  Drift-angle  in  turning  trials,  498 

Drift  and  stream  currents,  172 

Drowned,  apparently,  treatment  of,  664 

Drowning  persons,  instructions  for  sav- 
ing, 662 

Drunkenness,  treatment  of,  560 

Dqok,  ravens  for  navy,  286 

Duteh  elle,  or  vadem,  192 
**      mariner's  compass,  86 

Duchemin's  compass,  86 

Duties  of  pilots,  6 

Dyeing  woodp,  299,  300 

Dyes»  800 

Dynamometer,  97 


EAST  Greenwich,  B.  I.,  rates  of  pllot> 
age,  11 
East  River,  N.  T.,  rates  of  pilotage,  15 
Economical  management  of  engines  and 

boilers,  444 
Ebony,  to  stain,  800 

Edcnton,  N.  0.,  ships*  pilotage  rates,  21 
Edgartown,  Mass.,  pilotage  rates,  9 
Effect  of  gust  of  wind  on  ships*  sails,  638 
**       screw  on  turning  of  vessels,  496 
Elevated  lights,  101 
Elle,  Dutch,  192 

Elizabeth  City,  N.  C,  rates  of  pilotage,  20 
Enamels,  302 

Engineering,  steam,  notes  on,  487 
Engines,  kinds  and  types  of,  484 

simple  and  compound,  441 
getting  under  way,  442 
reversing,  ete.,  476 
nnder  way,  444 
to  run  economically,  444 
in  coming  to  anchor,  461 
England,  pystem  of  buoyage,  108 
English  Channel,  tidal  streams,  169 

**       register  tonnage  and  deductions 
allowed,  529 
Equal  altitudes  at  sea,  235  ' 

Equatorial  counter-current,  173,  177 
**  current,  iMirticulars  of,  173 

••  "      176,  181 

Equinoxes,  precession  of,  259 
Equipment  ot  VxsaXa,  ^iSSt 
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Ericraon^B  Mmnding-maohine,  96 
Error,  heeling,  to  find,  77 

»»  "         to  correct,  81 

•*      index,  99 
Establishment  of  port,  149 
Eureka,  Cal.,  pilotage,  rates  of.  80 
Examples  of  distance  ^g^nals,  49 

'*        of  signals,  47 
Expansion-joint,  use  of,  470 
Extemporary  meararements,  812 


I  FAHRENHEIT  thermometer,  127 
^      Fainting,  to  treat,  5(K) 
Foirhaven,  Conn.,  rates  of  pilotage,  9 
Fall  River,  Conn.,  rates  of  pilotage,  9 
Faraday,  shafts  of,  499 
Fathom,  length  of,  192 
Fawn  color,  to  mix,  294 
Feathering-wheel,  geometry  of,  456 
Feed-  or  check-valves,  468 

**    valve,  economic  temperature  of,  445 
Femandina,  Fla.,  rates  of  pilotage,  27 
Fever-and-agne,  559 
Filter,  Selden,  description  of,  448 
Finding  the  stars,  2^ 
Fire-box  iron  for  furnaces,  471 
Fire,  signals  for,  56 

''    to  set  to  ship,  etc.,  338 
Fitting  wire-rigefing,  276 
**      block-8trai)8,  268 
Fitzroy  barometer  scales,  123 
Five-Fathom-Hole,  N.  C,  rates  of  pilot- 
age, 21 
Fixed  lights,  100 
Flax  canvas,  284 

Floating  power  of  spars,  casks,  etc.,  540 
Florida  pilot  laws  and  rates,  26 
**      life-saving  stations,  549 
Fog,  boat  caught  in,  337 
'*    horn,  in  piloting,  5 
'*    signals,  description  of,  37 
Foreign  charts,  meridians  of,  190 

"  "       signs    and    abbreviations 

on,  191 
"  "       .soundings  on,  192 

"  "       quality  of  bottom  on,  193 

"       sea  terms  and  phrases,  565  to  571 
'*       port,  to  anchor  in,  310 
Fore-fiail,  baJIoon,  to  set,  404 
"        carried  away,  427 


Fore-mast  carried  away,  432 
Fore-and-aft  seamanship,  423  to  434 
FormulsB  for  waves,  609,  613,  514 
Foxes,  to  make,  274 
Four  Mile  Point,  Ga.,  rates  of  pilotage,  I 
Fractures,  to  treat,  557 
France,  system  of  buoyage,  110 
Freeboard,  rales  for,  525 
French  nautical  phraites,  etc.,  565 

"      tide-signals,  162 

"      polish,  299 

"      polishing,  299 
French  gray  color,  to  make,  294 
Friction  ot  tackles,  269 
Fumigating  a  ship,  387 


GAFF  topsail,  shape  of,  287 
Gale,  canvas  for  schooners  in,  4SI 
Gale  of  wind,  canvas  to  reach  under,  4^ 
GiUvanic  action  in  boilers,  &c.,  448 
Galveston,  Tex.,  rates  of  pilotage,  29 
Gas,  cannel  coal,  use  of,  104 
General  signals,  46 
Geographical  index,  63 

mile,  length  of,  221 
iwsition  of  shoal,  352 
signals,  47 
46 
Georgetown,  S.  C,  pilotage,  rates  of,  23 
Georgia,  pilot  laws  and  rates,  23 
Getting  under  way  in  yacht?,  426 
Gilding,  295 
Glass  horizon,  99 
"    index,  98 
"    varnish  for,  298 
Gloucester,  Mass.,  rates  of  pilotage,  10 
Glue,  marine,  to  make,  305 

'*     to  resist  moisture,  305 
Going  into  port,  hints  on,  391) 
Gold  color,  to  imitate,  294 
'•    lace,  to  clean,  304 
"    lacquer  for  brass,  301 
*•    leaf  for  gUding,  296 
"    varnish,  290 
Gosport  Navy  Yard,  Va.,  rates  of  pilot- 
age, 19 
Government  rope,  275 
Gauges,  steam,  463 

water,  kinds  of,  466 
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Gauge-cocks,  arrangement  of,  467 
Guinea  current,  velocity  and  limits  of,  175 
"       weather  in,  176 

Gulf  of  Maine,  tides  and  currents,  153, 154 

**    of  Mexico,  tides,  157 

**    coast,  life-Raving  Rtations,  549 

**    Stream,  weather  in,  175 

*  *         **      color  and  temperature  of,  1 73, 
174 

**         "      limit«  and  velocity  of,   173, 
174 

*'  *'  temperature  of,  175 
Gulf  St.  Malo  tidal  Btreamn,  17U 
Gun,  daylight,  time  to  fire,  223 

"    barrels,  to  preserve,  304 

*•    polish,  300 

**    tackle  purchase,  270 
Graduation  of  batten  instruments,  518 
Great  circle  sailing,  227 
Great  Satillo  River,  Ga.,  pilotage  rates  of, 

23 
Green  enamel,  303 

*'     paint,  to  mix,  298 
Greenport,  N.  Y.,  rates  of  pilotage,  16 
Greenwich,  Oonn.,  rates  of  pilotage,  11 
Gregorian  calendar,  259, 260 
Ground  log,  91 
Gybing  a  yacht.  409,  426 
Gyroscopic  instruments  to  observe  rolling 
and  pitching  of  ships,  616 


HAIiF  and  quarter  tide,  150 
Half-monthly  inequality,  148 
Hammock  and  bag-stnfl|  285 
Hampton  Roads,  Va.,  rates  of  pilotage, 

19 
Hand  lead,  to  heave,  93 
Hand  lead-line,  to  mark,  92 
Handling  yachts,  hints  on,  401 
Handling  cutter-yacht,  392 
Harbors,  depth  of  water  in,  111 
Harmattan  seasons,  176 
Harwich  Fort,  Mass.,  rates  of  pilotage, 

10 
HawBcrs,  size  of,  274 
Heaving  the  log,  89 

**       the  lead,  93 
Havre,  tides  at,  171 
HeaYiiig'to  inyachtSi  484 


(( 
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Heavy  weather,  preparations  for,  396 
"  "        to  get  cast  of  lead,  95 

Heel,  angle  of,  in  turning  ships,  498 
•'     steady,  for  various  classes  of  vessels, 
538 
Heeling  error,  to  correct,  81 
"  '•      to  find.  77 

to  avoid,  75 
78 

*'        moment  of  sails,  537 
Height  of  inaccessible  object,  to  find,  218 
Heights,    barometrical  measurement    of, 
222 
of  waves,  to  determine,  512 
to  measure,  218,  219 
to  find  when  distance  is  knowr., 
220 
Hell  Gate,  N.  Y.,  rates  of  pilotage,  15 

"  currents  in,  151 

Helm  angle,  most  effective,  496 
Hemp,  iron,  and  steel-ropes,  278 
"      rope,  273 

"         '*     dimensions  of,  278 
Hercules  circle-turning  trials,  496 
Herreshoff  coil-boiler,  462 
Hide-rope,  273 

High  water,  to  compute  time  of,  157 
Hints  for  persons  in  charge  of  boats,  325 

''     on  handling  yachts,  401 
Hirsch  screw,  generatrix  of,  459 
Hoisting  in  horses,  312 
"       in  cattle,  312 
Holmes  Hole,  Mass.,  rates  of  pilotage,  10 
Holland,  system  of  buoyage,  110 
Horizon,  shore,  247 

artificial,  249 
dip  of,  220 
glass,  09 

Horizontal  engines,  description  of,  487 
PLorses,  to  hoist  in,  812 
Horse  power  of  engines,  442 
Hot-air  seasoning,  308 
Hour  angle  of  sun  at  setting,  224 
Huron,  case  of,  203 
Hurricanes,  137 

seasons    and   characteristici 

of,  144 
limits  of,  137 
"  seasons  of ,  137 

Hydrometers  for  testing  water.,  447 
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ICE  anchors,  S83 
loe  in  Ncnrth  Atlantic  Ocean,  145 
Ice,  limits  and  seasons  of,  145 
in  North  Pacific  Ocean,  145 
in  Sonthem  Hemisphere.  146 
field-ice,  floes,  islands,  &c.,  144 
"    indications  of 
Ilhiminants,  103 
Imprecation  of  timber,  304 
Inclined  engines,  descripticm  of,  467 
Index  glass,  96 
'*      error,  99 
"      to  find,  S)9, 100 
Indelible  ink,  308 
Indications  of  ice,  145 
Indianola,  Tex.,  rates  of  pilotage,  29 
Indian  Ocean  currents,  182 
Information  on  charts,  193 

"         hydrographic,  182 
*'        and  instractioQs  lor  divecSiSCS 
Injection  valves,  479 
Ink  stains,  to  remove,  304 
''  indelible,  to  make,  303 
*'  compositicMi  of,  303 
**  copying,  303 
"  perpetual,  303 
"  Indian,  303 
"  indelible,  303 
luBtructions  for  guidance  of  masters  and 
seamen  in  case  of  ship- 
wreck, 542 
*'  for  use  of  tide-pole,  162 

Intervals  of  time,  to  convert,  260  to  262 
International  steering  and  sailing  rules,  34 

*'  code  uf  signals,  43 

Interpret  a  signal,  54 
Internal  economy,  309 
Invincible,  circle  turning  of,  499 
Iodine  stains,  to  remove,  S04 
Ipswich,  Mass.,  rates  of  pilotage,  10 
Ireland,  buoyage,  109 
Irish  lights,  description  of,  104 

"     channel,  tidal  streams,  171 
Iron-work,  varnish  for,  299 
Iron  Duke,  circle  turning,  &c.,  199 
Iron,  to  prevent  rusting,  303 
polish  for,  301 
wire  rope,  273 
lacquer,  302 

Bhipa,  costing  for  bottom  ol,  %^ 
mould,  to  remove,  804  .    .  - 


it 


Italian  naatical  trame,  665 
'*"     uajnes  for  winds,  131 


JACKSONYILLE,  Fbu,  rates  ot  pUot^ 
age,  27 
Jamestown,  Ya^  nttes  ui  pilotege,  20 
Japan  varnish,  297 

''  ^       far  metals,  ^298 

''      stream  (Karo  Siwo),  178 
Jet<x>ndsn8er,  description  of,  445 
Jib  top-sail,  description  of,  404 
Joints,  slip  and  exipanaion«  ^9 
Jury  fore-mast,  to  rig.  422 

*'    rudder,  to  rig,  433 

**    top-mast,  in  raokig,  ^4 

"    try-saU,  398 


KAMSCHATKA,  cnrrent,  189 
Kedges,  weaghts  of,  282 
Kerosene,  103 

Key  West,  Fla.,  rates  of  pilotage,  SS' 
Kinds  and  types  of  engfanes,  464 
Knots  to  ke^,  296 

length  of,  on  log-line,  88 

length  of,  221 

into  statute  miles,  to  convert,  221 
Kyan*s  process  for  timber,  309 


u 
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LACQUERS,  to  make,  301 
Lacquering,  301 

^'  to  pcepuc  bxBss  iot,  301 

Lac  vami^,  298 

Lakes  Erie  and  Ontario,  life-saving  sta- 
tions, 550 
Lakes  Huron,    Superior,    and   Michigan, 

life-saving  stations,  550,  661 
Lake,  to  measure  distance  across,  818 
Landing  in  surf,  331 
Land  and  sea  breezes,  131 
Lap  of  vdlves,  473 
Lard  oil,  103 

Latitude  and  longitude  at  nooB,  238 
by  pole  star,  232 
*^       and  longitude  methods,  230 
'*       by  meridian  obserrationfl,  2S6 
'*       on  Mercator^s  chart,  196 
♦'       by  pole  star,  23S 
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Latitude  and  longitude  to  fix  jXMsition,  208 

Latent  heat,  437 

Law  for  range  of  tide,  188 

''    of  slornuL  138 
Laying  up  yachts,  421 
Load  in  piloting,  3 

**    Thompson's  pressure,  95 

**    pressure,  95 

*'    of  valves,  474 

*'    to  heave  in  heavy  weather,  0*5 

'^    coasting,  deep-sea,  &&,  94 

''    and  lead-lin«,  93 

**    classes,  weights,  etc.,  of,  92 

*^    to  heave,  93 

*^    line,  in  sounding,  847 
LeakR,  to  signal,  56 

''      how  to  act,  354 
Leather,  cement  for,  306 
Lee  shore,  to  claw  off,  433 
Leeward,  to  find  distance  of  ^ip,  217 
Length  of  <^iain  cables,  279 
Life-saving  service,  organisation  of,  641 
Life-sa-ving  districts  and  stations  of  the 

U.  S.,  table  of  situatioros  644-660 
Lifetime  of  marine  boilers,  449 
Lights  for  steamers  at  anchor,  43 

"     fixed,  variable,  color  of  elevated, 
&c.,  100, 101 

**     for  vess^  towing,  48 

**     catoptric  101 

'*     running,  5 

*'     Involving,  fixed,  dioptric,  ivc.^  101, 
102 

**     apparent,  Irish,  A(C.,  104 

"     dioptric,  101 

*'     for  squadrons  and  convoys,  40 
Light-houses  and  systems,  lUl 
Light-house,  to  determine  distance  from. 
206 
*'  districts,  limits  of,  l!05 

'^  establishment,  104 

board,  104 
"  on  U.  S.  coasts,  106 

Lightning  conductors,  signs  of,  805 
Limits  of  Gulf  Stream,  173,  174 
Lines,  to  make,  306 
Lino  of  sight,  99 
Link-motion  for  eccentrics,  476 
Liquid  compass,  84 
Lloyd's  rule  for  freetxiard,  625 
Logs,  patent,  90 


Log  taffrail,  ground,  onrrent,  &c.,  91 
"    line,  to  mark,  88 
'•    reel,  87 
*'    chip,  87 
"    line,  87 
'*    to  heave,  89 
Long  glass,  88 
Longitude  by  equal  altitude,  336 

''         by  chronometer,  at  noon,  2S6 
''         by  single  altitude,  236 
Long  Island  Sound,  tides  in,  155 
Long  Island  life-saving  Btations,  647 
Longitude  and  latitude  at  noon,  239 

'*        from  observations  at  snniiae 

and  sunset,  241 
''         at  sunset  242 
"         signals,  46 
*'         qn  Mercator^  chart  198 
*'        of  Beirut  and  Sidon,  266 
"         by  stars  near  sunrise  or  snn< 
set,  4 
Loomis  cm  storms,  143 
Lord  Warden  circle  trials.  600 
Loss  of  blood,  to  treat,  566 
Louisiana  pilot  laws  and  rates,  20 
Lug,  to  dip,  325 
Lunar  day,  259 
Lying-to,  sails  to  use,  288 


MAHOGANY  color,  to  stain,  800 
Maine  pilot  law^  and  rates,  17 
Maine  life-saving  i^tatiMis,  644 
Making  a  signal,  63 
Maltese  names  for  windf^,  18t 
Management  of  boats  in  a  surf,  332 
Man  overboard,  what  to  do,  427 
Management  or  diving  apparatus,  365 

**  of  engines  when  under  way, 

444 
Manila  falls,  remarks  on,  272 

"      rope,  278 
Marblehead,  Mass.,  rates  of  pilotage,  liO 
Mare  Island,  Cal.,  pilotage  rates  of,  ^ 
Margary's  process  for  timbw,  310 
Marine  engines,  to  get  under  way,  4^  . 

''      boilers,  lifetime  of,  449 

<'     glue,  306 

**      compassi  84 
Marion,  n^s  of  pilotage,  16 
Maricrtttfs  law  for  smiw^  4SII 
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Marks  of  chain  cablen,  279 
**     of  lead-line,  92,  83 
Martin  boUer,  462 
Maryland,  pilot  laws  and  rate's,  18 
Marsh-poison,  to  guard  against,  561 
Massachusetts  life-saving  stations,  544 
**  pilot  laws  and  rates,  8 

Masney's  sounding  machine,  U6 
Mast-color,  to  mix,  285 
Mast-head,  angles,  21U  to  213 
*'         carried  away,  427 
Mastic  varnish,  299 
Masts,  when  to  cut  away,  433 
Mattapoisett,  rates  of  pilotage^  10 
Measured-mile  trials,  491 
Measurement,  units  of,  311 

and  dead-weight  cargoes, 

factors  for,  630 
of  vessels  for  tonnage,  526 
to  532 
Measurements,  extemporary,  312 

*'  of  yachts  for  tonnage,  631 

Measuring  distances,  203 

Haper's  method,  203 
by  sound,  2()5 
on  shore,  Jil8 
ship's  circle,  601 
heightB,  218 

•'        by  barometer,  222 
Mechanical  correction  of  deviation  of  the 

compass,  78 
Mensuration,  rules  in,  538  to  540 
Mercator's  chart,  to  mark  ship's  place,  198 
*•  "       general  chart,  199 

*'      plan,  199 

**      construction  and  use  of, 
197 

*'  *'      advantages  of,  198 

**  "      to  determine  position  on, 

198 
Mercator  course,  229 
Merchant  vessel,  to  board,  327 
Mercury  steam-gauge.«!,  464 
Meridian    distance    between  Beirut  and 
Sitlon,  256 
observations  for  latitude,  230 
altitude,  280,  231 

•'  short  method,  231 

"  "         remarks  on,  232 

Meridians  on  foreign  charts,  190 
Metals,  black  Japan  yarnish  for,  %^ 
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Metals,  varnish  for,  299 

Meteorolos^ical  report,  46 

Method  of  measuring  ship^s  circle,  601 

of  determining  position  by  straight 

line  projection,  201 
of  determining  distance  from  a 

light-house,  206 
of  finding  distance  of  a  vessel,  217 
of  measuring  distance  on  shore, 
218 
''      of  finding  distance  of  target,  217 
"      of  cross- bearings,  199 
'*      of  determining  position  by  angles 

and  bearings,  200 
"      of  determining  position,  200 
'"      of  finding  distance  of  a  ship,  214 
**      of  measuring  distance  by  sound, 

206 
**      of  determining  distances,  206 
of  projection  by  circles,  200 
for  latitude  and  longitude,  230 
*'      Sumner^s,  for  position,  244 
Meidcan  current,  181 
Mile,  geographical,  length  of,  221 
*'     nautical,'  192 
"     statute,  192 
"     measured,  trials  over,  491 
'*     nautical,  length  of.  221 
"     statute,  length  of,  221 
Milford,  Conn.,  rates  of  pilotage,  11 
Mineral  oils,  103 

Mississippi,  pilot  laws  and  rates,  28 
Mobile,  Ala.,  rates  of  pilotage,  28 
Monsoons,  currents  during.  37b 

^*  seasons  and  limits  of,  131 

Moorings,  to  la}'  down,  422 
Mooring  and  unmooring,  432 
Mortars,  to  make,  306 
Mushroom  anchors,  283 
Mystic,  Conn.,  rates  of  pilots^,  11 


NAHANT,  Mass.,  rates  of  pilotage,  10 
Names  of  vessels,  46 
Names  and  uses  of  blocks,  2ri5  to  269 
Nantucket,  Mass.,  rates  of  pilotage,  10 

"  Sound  currents,  151 

Nautical  mile,  length  of,  192 
''  "      length  of,  88 

"  "     length  of,  221 
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Nautical  terms  and  phrases,  565  to  571 
Naval  Anchorage,  Va.,  rates  of  pilotage,  19 

' '      vessels,  pilotage  of,  6 
Navy  anchors,  282 

boats  in  use  in,  317 
cables  for,  279 
screw-propeller,  459 

**     steam-launch,  318 
Neap  range,  164 
Neap  tides,  147 

Negative  slip,  explanation  of,  459 
New  Bedford,  rates  of  pilotage,  10 
New  Castle,  Del.,  rates  of  pilotage,  16 
New  Hami)8hire,  pilot  laws  and  rates,  8 

"  *'  life-saving  stations,  544 

New  Jersey,  life-saving  stations,  546,  547 

*•        '*        pilot  laws  and  rates,  16 
New  London,  Conn.,  rates  of  pilotage,  11 
New  Orleans,  La.,  rates  of  pilotage,  29 
New|)ort,  R.  I.,  pilotage  rates  of,  11 
New  Rochelle,  N.  Y.,  rates  of  pilotage,  16 
New  York,  N.  Y.,  rates  of  pilotage,  12 
New  York  Harbor,  tides  of,  155 

'*  pilot  boats,  cruising  limits,  12 

"  "     laws  and  rates,  6, 11 

New    York    Yacht  Club,    sailing  regula- 
tions, &c.,  373 
Night  observations,  250 
Nimbus  clouds,  121 
Nitrate  of  silver,  stain  to  remove,  304 
Noon,  longitude  at,  235 
Norfolk,  Va.,  rates  of  pilotage,  18 
North  Atlantic,  barometric  pressure,  125 
North  Carolina  pilot  laws  and  rates,  20 
North  River,  N.  Y.,  rates  of  pilotage,  15 
North-east  trade  drift,  173 
Northern  Hemisphere,  veering  of  wind,  125 
**  "  thermometer,  127 

*'       Pacific  Ocean  ice-limits,  145 
Notes  of  Steam  Engineering,  437 
No  water,  what  to  do,  330 
Nyack,  sea- valves  of,  479 


OAK  varnish,  298 
Objects  of  natural  history,  to  pre- 
serve, 804 
Obscrvatioiis  at  night,  250 

**  at  sea,  remarks  on,  345 

'*  for  lacitude,  231  to  234 

**  of  currents^  167 
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Observations  of  dimensions  of  waves,  610 
"  of  rolling  and  pitching  of 

ships,  515  to  319 
**  without  assistants,  251 

Observed  altitude,  97 
Observing  altitudes,  245 

"  "  on  shore,  249 

Ocean  currents,  172 
Oceanic  rivers,  172 
Oil,  consumption  of,  103 

varieties  of,  in  use,  103 

baked,  297 

boiled,  297 

polish,  299 
'■'  watchmakcrs\  to  make,  304 
Old  measurement  tonnage,  to  compute, 

530 
Oregon  pilot  laws  nnd  rates,  31 
Oscillating  engines,  description  of,  484 
Out-board  delivery  valves,  479 
Oya  Siwo  current,  160 


I  PACIFIC  coast,  115 
Pacific   coast   life-saving   stations. 
551 
Pacific  coast,  tides  of,  156 
counter  current,  181 
Ocean,  currents,  178 
**      limits  of  trade- winds  and 
rainy  seasons,  135 
Packing  of  condenser  tubes,  450 
Paddle-wheels,  455 
Paint,  bronze,  295 

"  "       for  copper,  802 

''     for  tarpaulins,  296 
**     to  mix,  293 
*'     to  remove,  296 
Painting  outside  of  vessel,  401 

'•       ship,  rules,  recipes,  etc.,  293 
Paraffine,  103 

Particulars  of  American  steam  yachts,  C69 
'*  British  yachts,  368 

**  "      steam  yachts,  370 

Pascagoula,  Miss.,  rates  of  pilotage,  28 
Passage  Christian,  Miss.,  rates  of  pilotage, 

29 
Patent  logs,  description  of,  90 
Pawtuxot,  R.  I.,  rates  of  pilotage,  11 
Payne's  process  fot  txotoet  J^S!^ 
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Pendalnms  to  determine  rolling  of  tihipR, 

515 
Pcnnpylvania  pilot  laws  and  rates,  10 
Pensaoola,  Fla.,  rates  of  pilotage,  2i> 
Periodical  winds,  132 
Periods  of  waves,  table  of.  514 

**      and  dimensions  of  waves,  610 
Peruvian  current,  181 
Petroleum.  103 
Purchases,  270 

Phenomena,  times  of  varioos,  233 
Philadelphia,  Pa.,  rates  of  pilotage,  16 
Piddington's  barometer  table,  139 
Pilotage  laws  and  rates,  7  to  81 
Pilot  boats,  cruising  limits  of,  12,  16,  SO 
**    laws  and  rates  of  pilotage,  7  to  81 
Pilots,  duties  and  responsibilities  of,  5 
**     employment  of,  by  naval  vessels,  6 
'*     cruising-gronnds  of,  12,  18,  SO 
Piloting,  chart,  use  of  in,  4 
**        sextant,  use  of  in,  4 
**        Bumner*8  method,  4 
**       tides,  currents,  etc.,  4 
**        compass  in,  8 

anchor  and  cable  in,  3 
lead,  use  of  in,  3 
barometer  and  thermometer  in,  4 
1(^,  use  of  in,  5 
dead-reckoning  in.  5 
rule  of  the  road,  5 
"        running  lights,  5 
Pitching  of  ships,  observations  of,  515 
Pitch  of  a  screw,  458 
Plane-table,  methods  of  determining  po 

sitionn.  214 
Plate,  boiler,  varieties  ©f,  471 
Plotting  soundings,  352 
Plymouth,  Mass.,  rates  of  pilotage,  10 
I'oint  of  cutting  off  in  engines,  44U 
Poisons,  antidotes  for,  559 
Pole  star,  latitude  by.  2:^2 
"       "      table  for  latitude  by,  234 
"      "     to  find,  233 
Polish,  black,  for  guns,  300 
'•       for  iron,  301 
"      French,  299 
'^      oil,  299 
Polishing,  French,  299 

"  wood,  304 

Poppet-valveB,  description  of,  477 
Port,  care  o£  vessel  in,  400 


•( 


(( 


Pc^rt,  entering,  399 

''     establishment  of,  149 
Port  Laracca,  Texas,  pilotage  rates  of,  30 
Portland,  Me.,  rates  of  pilotage,  7 
Port  Royal,  S.  C,  rates  of  pilotage,  22 
Portsmouth,  N.  H.,  rates  of  pilotage.  8 

*'  Va.,  rates  of  pilotage,  20 

Port  Townsend,  W.  T.,  i^otage  n^esef, 

31 
Positions,  determining,  199 
Potomac  Rivo:,  rates  of  inlotage,  SO 
I'ovrer,  horse,  of  engines,  442 

''       of  taddes,  269 
Prece&<doa  of  the  equincnces,  259 
Preparations  for  racing,  ^7  to  409 
Preserving  objects  of  natural  lui^iafy^  S04 
Preservation  ^  gun-barrels,  804 
Preservative  lor  steel,  305 
Preserving  sails,  803 

*'         timber,  309 

''         woodwork,  803 
Prevailing  winds,  132 
Projection,  Mercator's,  198 
l^roof  of  cables,  279 
Propeller,  screw,  etc.,  457 
Properties  of  saturated  steam,  438 
Proportions  for  mixing  paints.  294 
Providence,  R.  I.,  rates  ot  pilotage,  11 
Provincetown,  Mass.,  rates  of  pilotage,  10 
l^rovisions,  to  stow,  310 
Pumps,  donkey  steam,  487 
Purchase,  double  and  treble,  270 
Purple  color,  to  mix,  294 
Putty,  297 


QUADRANT  and  sextant,  97 
Quadraixtal  deviation  of  compass,  78 
"  "        to  corrects  PO 

Questions  and  answers  in  fore-and-aft  .sea- 
manship, 423  to  434 
Quincey,  Mass.,  rates  of  pilotage,  10 


RACES,  Corinthian,  818 
Racing,  preparations,  407 
Racing,  rules  for  boat,  342 

'^      to  station  orews  for,  419 
"      yacht,  407 
"  ♦•     to  start,  409 

\  "SuaXXIm^^NR^^sst  ofit^  811 
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Rainbows,  rhymes,  etc.,  for,  311 

Rain-cloads,  120 

llainfall  in  storm?,  144 

Rainy  Reason  in  Atlantic  Ocean,  134 

"         '*      in  the  Pacific  Ocean,  135 
Range  of  barometer,  124 
♦•     of  tides,  147 
''      tables,  varnish  for,  298 
Rankine^s  mies  for  orbits  and  vdocities 

in  waves,  508 
Rasper's  method  of  determining  distances 

at  sea,  203 
Rate  at  which  sound  trayels,  2(ffi 
Rates  of  chronometers,  255 
"     of  pilotage,  7  to  31 
"     of  tidal  currentR,  154 
Raven^s  duck,  286 
Reading  a  signal,  64 
Reading  off  the  angle,  98 

**      Vernier,  98 
Reaumur  thermometer.  127 
Recipes  for  painting,  &c.,  296 
Reciprocal  bearings,  process  of,  74 
Red,  bright,  to  dye,  300 
Reducing  soundings,  186 
Reduction    of    altitude    f  jt    change  of 
place  249 
"         of  soundings,  162, 163,  :jQ2 
Reef,  balance,  348 
''     bands  of  sails,  290 
•'         •'      points,  &c.,  285 
Reefs,  balance,  290 

**     coral,  to  navigate  among,  5 
Reefing  fore-and- afters,  896 
Refitting  yachts,  42  i 
Refraction  affecting  altitudes,  204 

'*         effect  on  the  distance  objects 

can  be  seen  at  sea,  208 
Regattas  of  New  York  Club,  378 
Register  tonnage,  definition  of,  526 

"  '*        to  find,  526  to  528 

Regulations  for  preventing  collisions  at 

sea,  34 
Relative  position  of  centres  of  efljort  and 

lateral  resistance,  534 
Remarks  on  Sumner^s  method,  244 

*^       on  weather,  119 

^      on  yacht-racing,  407  to  421 
Removing  old  paint,  295 
Replacing  coppw  under  v.ater,  809 
Reserve  of  buoyancy  of  ships,  BS6 


Retard  of  tides,  148 
Revei-sing  engines,  description  of,  476 
Revolving  lights,  101 
"         storms,  137 

"  "       characteristics  of  ,  137 

**       tables  for,  141 
Rhode  Island  life-saving  stations,  545 
*'  pilot-laws  and  ra^es,  10 

Rhumb  line,  course,  229 
Rhynu}»  for  barometer.  123 
'•       for  rainbows,  121,  122 
''       for  squalls,  136 
•*       for  winds,  186 
Richmond,  Va.,  rates  of  pilotaee,  20 
Rigging  of  cutter  yachts,  389,  SOU 

"      wire,  2T6 
Rigs  of  boats,  varieties  of,  824 

"    of  yachts,  varieties  of,  365,  423 
Ring-tail,  description  of,  406 
Rio  de  la  Plata,  stream  from,  178 
Rise  and  faU  of  tides,  147 

"      of  tide,  rule  for,  160 
Riverhead,  N.  Y.,  rates  of  pilotage,  16 
Ritchie^s  compass,  84 
River  Amazon,  177 
Rivers,  depth  of  water  in.  111 
''      oceanic,  172 

'*      to  measure  distance  across  218 
Rockport,  Me.,  rates  of  pilotage,  7 
Rolling  and  pitching  of  ships,   observa- 
tions of  ,  515  to  519 
Rope,  hemp,  manilla,  hide,  and  wire,  273 
*'     manufacture  of,  273 
remarks  on,  274 

rules  for  size,  strength,  &c.,  275 
sizes  of,  to  reeve,  2^ 
strength  of  three  and  four  stranded, 
compared,  274 
Roping  of  sails,  where  sewed  on,  293 
Rosewood,  to  stain,  800 
Rotation  of  wind  in  stormH,  140 
Royal  Thames  Yacht  Club,  tonnage  rule, 

531 
Rudder  carried  away,  488 
"      jury,  to  rig,  488 
"      temporary,  to  rig,  408 
Role  for  block  strips,  267 
**    for  finding  distance  by  two  bearinfira, 

907 
"    forfindiiiirttmeoCtail«!b.««teK^\SrL 
"    lot  «ai^Va%V»«£M5goS^«a 
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Rule  for  rise  and  fall  of  tide,  160 
"    for  velocity  of  currents,  168 
'*    weights  of  anchors,  283 
**    of  the  road  at  sea,  31 
'*    of  ruad  at  sea,  33 
**    of  the  road,  general  and  particnlar 
mles  for  meeting  and  crossing,  31 
**    tor  aids  to  memory,  33 
*'    of  the  road  in  piloting,  5 
**    to  determine  distance  of  high  land, 

204 
''    to  find  size  of  cable,  280 
Rules  for  barometer.  122 
''     for  boat-racing,  343 
**     for  breaking  strain  of  goyemment 

rope,  275 
**     for  correcting  the  compam  for  de- 
viation. 82 
"     for  great  circle  sailing,  2T7,  228 
**     for  harbor  and  inland  navigation, 

40 
**     for  rope,  276 
*'     for  size  of  rope,  275 
'*     for  steamers  in  channel  ways,  40 
"      for  steamers  in  fog,  41 
"     for  tackles,  269 

**     to  determine  ship's  position  in  storm 
disk,  139 
Running  lights,  5,  42,  43 

•*       lines,  in  sounding,  S49 
"        of  waves  during  observations, 247 
*'       on  shore,  354 
Rust,  to  prevent,  303 


O  ABINE  PASS,  Tex.,  pilotage  rates  of, 

k^    30 

Saco,  Me.,  rates  of  pilotage,  7 

Safetj',  curve  of,  203 

Sailing,  great  circle,  227 

"      on  coast  where  no  reliable  charts, 

185 
"      rules  N.  Y.  Club,  373 
Sails,  balloon,  description  of,  403 

names  and  descriptions  of,  288 
cutting  out  and  making,  289 
bending,  &c.,   to  find  area  of,  290, 
291 

'*    names  of^  materials  for,  &c.^  284 
"    Ac,  of  cntter-yacht,  390,  391 
**     ofyachta,  372 


«4 


44 
44 


44 


Sails,  table  for  area  of,  292 

table  of  allowance  of,  286,  287 
to  preserve,  303 
centre  of  efforts  of,  S^'S 
impulse  of  wind  on,  536 
heeling  moment  of,  537 
"     area  of,  537 
Salem,  Mass.,  rates  of  pilotage,  10 
Salmon-color,  to  mix,  294 
Salutes  in  foreign  port,310 
Safety-valves,  468 
Sailing,  centres  of  lateral  resistance,  ef* 

fore,  &c.,  532  to  538 
Sail-makers,  day's  work  of,  289 
Salinometer-pot,  description  of,  470 
San  Diego,  Gal.,  pilotage  rates  of,  30 
Sandy  Hook,  N.  J.,  rates  of  pilotage,  14 
San  Francisco,  Cal,  pilotage  rates  of,  30 

»'         tides,  156 
Sapelo  Bar,  Ga.,  pilotage  rates  of,  23 
Savannah,  Ga.,  pilotage  rates  of,  22,  28,  ''ti 
**  River,  Ga.,  rates  of  pilotage,  -cO 

Scale  for  clouds,  119 

'*    on  heating  surfaces,  447 
Scales,  barometer,  123 

"      thermometer,  to  convert,  123 
Scandalizing  the  main-sail,  426 
Schooner-rig,  description  of,  428 
Schooner's  sails,  to  trim,  429 
"  to  tack  and  wear,  429 

"         yachts,  367 
Scituate,  Mass.,  rates  of  pilotage,  10 
Scotland,  buoyage,  109 
Scraping  spars,  309 
Screw,  effect  of,  in  turning  ships,  496 
"     propeller,  principle  of,  457 
"     number  of  blades,  459 
Sea-anchors,  to  make,  283 
Seamanship,  fore-and-aft,  423  to  424 
Seasoning  timber,  308 
Sea  terms  and  phrases,  565  to  571 
'•    trials,  for  vessels,  rules  for,  494 
"    valves,  description  of,  479 
"    water,  analysis  of,  446 
Selden  filter,  description  of,  448 
Selecting  yachts,  379 
Semaphore  signals,  43,  51,  52 
Semicircular  deviation,  causes  of,  78  to  79 
"  "  "        to  correct,  60, 86 

«•«•  «''•  *«'        to  find,  78 
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Sextant,  97,  346 

"        in  piloting,  4 
' '        to  resilver  glasses,  346 
Shadow-sail,  description  of,  405 
Shadwell  on  chronometers,  258 
Shallow  water-wave?,  description  of,  510 
Shaping  the  course,  227 
Sheet  and  stream  anchors,  weights  of,  282 
Shifting  jibs,  426 

'*        of  winds,  132 
Shifts  of  wind  in  racing,  413 
Ship  Island  Harbor,  Me.,  rates  of  pilot- 
age, 7 
Ship  painting,  &c.,  293 

"    papers,  562 
Shipping  Gazette,  57 
*'        signals,  46 
Ship's  boats,  717 
Ships,  cement  for  bottoms  of,  806 
Ship's  circle,  real  shape  of,  497 
"         "to  measure,  601 
"     displacement  and  buoyancy,  520 
Ships,  economic  speed  of,  444 
Ship's  name,  54 

"     }>lace,  to  mark,  on  chart,  198 
"     position  in  storm,  1^>9 
Ships,  rolling  and  pitching,  observations, 
515 
*'     speed,  trials  of,  491 
"     steady  heel  of,  538 
'*     to  determine  distance  of,  214 
*'     to  dress,  with  flags,  309 

to  observe  proper  precautions,  40 
turning  of,  &c.,  496 
"     to  fumigate,  307 
Shipwreck,  instructions  for  guidance,  542 
Rhoils  out  of  sight  of  land,  to  survey,  350 
ShO'jk,  to  treat,  556 
Shore  horizon,  247 

"       dip  of,  248 
"  "         "  table  for,  248 

•'     vessel  running  on,  854 
Short-glass,  88 
Shroud-knot,  to  make,  428 
Side-lever  engine,  description  of,  484 
Sidsreal  day.  258 
"       time,  258 
Sidon  and  Beirut,  distance  between,  250 
Sidon,  longitude  of,  350 
Signal  book,  63 

lights  for  coasterp,  42 


(( 
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for  yacht  clubs  (Plate) 


Signal  lights  for  steamers  in  Gulf  Mexico, 
42 
♦»     stations,  57,  69 
'*  *'       Atlantic  coast,  61 

♦*  "        lakes,  62 

Signals  for  passing  steamers,  42 
*•      for  pilots,  58 

**      for  steamers  moving  from  docks, 
42 

•'      of  distress,  58 
"      of  three  flaps,  46 
*'      two  dagK,  45 
"      tide  at  French  ports,  162 
Signification  of  distance  signals,  49 
Signs  and  abbreviations  on  charts,  191 
Sigsbee's  sounding-machine,  96 
Single  altitude,  235 
Size,  296 
"    for  lightning-conductors,  305 
**    of  rope-reeving  in  blocks,  f68 
"    to  make,  297 
Sky,  color  of,  119 
Slackness  of  ships.  634 
Slide-valves,  description  of.  472 
Slip-joint,  description  of,  476 
Slip,  negative,  explanation  of,  459 

'*    of  screw,  definition  of,  468 
Sloop-rig,  description  of,  423 

"      "    for  yachts,  423 
Sloop  yachts,  .366 
Small  stuflf,  273 

Smith  ville,  N.  C,  pilotage  rates,  21 
Solar  time,  257 

"     radiation  thermometers,  180 
Solent,  tidal  streams  in,  170 
Somerscales^  methods  for  longitude,  235, 

2:39,  242 
Somers'  Point,  N.  J.,  rates  of  pilotage,  16 
Sounding-machines,  95 

rope  for,  96 
use  of,  96 
nautical  surveying,  &c.,  845 
Soundings  on  foreign  charts,  192 
"  to  correct,  189 

"  to  determine  positions,  203 

to  plot,  352 
bench-marks  for,  353 
"  to  reduce,  162,  186  ,363 

"  to  report.  94 

Sound,  Tueaftwrava  ^v6\«tkR»\i^  ^'iSSk 
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Soond,  rate  of  travel,  !M6 
South  Atlantic  t)arometrio  pressure,  126 
South  Carolina,  pilot  laws  and  rates,  22 
Southern  Hemisphere,  ice  limits  and  8ea> 

sons,  146 
"  »*  tllermometer,  127 

"  "  veering  Qfwind,126 

Space  required  to  stow  coal,  454 
Spanish  fox,  274 

*'        sea  terms  and  phrases,  666 
Spars,  casks.  &c.,  floating  power  of,  540 
*•      of  yachts,  871 

*'  '*        examidea,  Im.,  871, 872 

**      to  pcrape,  809 
Spar  varnish.  S9B 
Special  distance  signals,  49 
Speed,  apparatus  to  measure,  87 
**      economic,  of  war-vessels,  444 
of  current,  in  speed  trials,  491 
of  ships  in  fog,  38 
"      of  similar  vessels  under  sail,  686 
**       trials  of  ships,  491 
Spinnaker  boom,  to  rig,  403 

'■'■         description   and  management 

of,  433 
"  for  yachts,  403 

Spitfire  jib,  description  of,  426 
Spithead,  tidal  streams  at,  170 
Splicing  wire,  276 
Spring  steam-gauges,  465 

"      tides  147 
Spun-yam,  273 
Squalls,  136 

"        in  boat.  326 
in  racing,  411 
land,  132 
'*        rhymes  for,  136 
"        white,  136 
Square-sail,  to  set,  425,  430 
Staining,  299 
Stain,  mahogany,  300 
"     rosewood,  800 
Stains,  to  remove,  &c.,  £04 
Standard  compafw.  73 
Stand  of  tides,  147 
Stars,  method  of  finding,  226 

*♦     to  find,  225 
Start  for  racing,  409 
Starts,  varieties  of,  in  yacht-racing,  416 
Station  yachVs  crew,  419 
Statute  luUCf  length  of,  221 


It 


St.  Augustine,  Fla.,  rates  of  pilotage,  38 
Steamoengineering,  notes  on,  4^ 

"     gauges,  468 

**     jacketing,  use  of,  440 

"     launches,  remarks  on,  818 

**  "         Navy,   Horreshoff,  &&, 

318 

*'  "■        working  engiaes  of,  319 

**     pumps,  description  of,  487 

*'     saturated,  &c<,  properties  of,  4?7, 
438 

**     riiips  meeting  or  crossing,  31 

"     steering  gear  for  ships,  4*2^ 

**     superheated,  &c.,  438 

"     whistle  in  piloting,  5 

**     yachts,  data  concerning,  367  to  371 
Steel  and  iron  rope,  dimensions,  strength, 
and  weight  of,  278 
"    preservative  for,  306 
"    wire  rope,  273 
Steering  and  sailing  rules,  88 

**        apparatus,  479 

"        compass,  72 
St.  Helena,  S.  C,  pilotage  rates  of,  22 
Steel,  to  temper,  305 
St.  Mary's,  Ga.,  pilotage  rates  of,  2%  26 
Stop-valves  for  boilers,  469 
Storm-canvas.  397 
Storm- sails,  288 
Storms,  Atlantic,  summary  of,  143 

'*       barometer  in,  134 

"       bearing  of  centre,  140 

"       Doi-e's  tables  for,  142, 143 

"       indications  of,  138 

*'       law  of,  138 

**       origin  of,  144 

'*       rainfall  in,  in  West  Indies,  ^44 

'*       revolving.  137 

"       rotation  of,  140 

"       to  determine  ship's  position  in,  139 

"      to  run  out  of,  140 
Stone-color,  to  mix,  295 
Stonington,  Conn.,  rates  of  pilotage,  11 
Storm-tracks,  139 

"    try-sail,  431 
Stowuig  coal,  space  required,  454 

'•        provisions,  311 
Stream  currents,  172 
Stowing  tanks,  casks,  &c.,  811 
.Straps  for  blocks,  to  cut  and  fit,  S68 
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strength  of  block-strapii,  372 

St.  Simon^s  Bar,  Ga.,  pilotiige  rates,  23,  24 

Saez  Canal,  rules  for  tonnage,  632 

Somner^B  method,  remarks  on,  244 
"  *'         when  near  land,  4 

Son,  hour-angle  at  setting,  224 

Stuirise  or  sunset,  observations  for  longi- 
tude, 241 

Sun's  altitude,  to  take,  97 

Sunset  or  sunrise,  to  find  time  of,  223 

Sunstroke,  to  treat,  568 

Sunset  table,  to  make,  225 

Sun's  true  bearing,  76 

Surface  blow- valves,  467 
**       condensers,  &c.,  448 

Surveying,  nautical,  345 

Survey  of  shoals,  360 

Surveyor's  rule  for  approximate  roister 
tonnage,  529 

Swashes,  N.  C,  pilotage  rates  of,  21 

Swinging  ship,  73 

Symbols  of  International  Code,  44 
»*        weather,  119 

Systems  of  lights,  lUl 


TABLES,  Burdwood  and  Davis',  244 
table,  Buckner's,  215 
Table  of  distanoo  of  horizon,  216 

*^     of  distances  at  which  objects  are 
visible  at  sea,  SOS 
for  finding  heights,  220 
of  heights  and  barometric  pressures, 
222 
'*     for  converting  knots  into  statute 

miles,  221 
''     of  mast-head  angles,  210  to  213 
'*     for  sail  area,  292 
"     Dove's,  for  storms,  l4l 
**     for  reducing  soundings,  186 
*'     tide,  for  U.  S.  coast,  158 
'*     of  time  allowances,  377 
Tacking,  schooners.  429 

a  yacht,  426 
Tackles,  varieties  and  uses  of,  868 
'*       power  and  friction  of,  269 
*'       rules  regarding,  269,  270 
"       remarks  on,  272 
Tacoma,  W.  T.,  pilotage  rates  of,  81 
Taking  departure,  209 
Taflrail,  patent  logs,  91 


Tanks,  to  stow,  811 
Tappahanock,  rates  of  pilotage,  20 
Target,  to  find  distance  of,  217     . 
Tarpaulin  Cove,  Mass.,  rates  of  pilotage, 

10 
Tarpaulins,  to  paint,  296 
Tel(^n^phic  method  of  determining  posi- 
tions, 214 
**  weather  intelligence,  62 

Tell-tale  compass,  87 
Tempeiature  of  currents,  172, 173 
**  of  Gulf  Siream,  175 

Tempering  steel,  806 
Temporary  rudder,  to  rig,  406 
Tending  ship,  433 

Terrestrial  radiation  thermometer8,130 
Tests  of  cables  at  Washington,  280 
Texas,  pilot  laws  and  rates,  29 
Thermal  raiit,  437 

Thermometer,  Fahrenheit,  R6anmur,  and 
Centigrade,  127 
"  in  pilotmg,  4 

*"  as  an  indication  of  ice,  144, 

146 
**  to  convert  various  scales,  128 

'*  maxima  and  minima,  130 

"  deep-sea,  dec,  130 

Thimbles,  to  splice  in,  277 
Thirst,  to  alleviate,  661 
Thomaston,  Me.,  rates  of  pilotage,  8 
Thompson's  lead,  96 
Thomson's  compass,  86 

*^         sounding-machine,  96 
Thumb  rules  for  determining  distances, 

306 
Thnnderer,  circle-turning  trials.  498 
Tidal  currents  on  U.  S.  coasts,  151 

velocity  and  epochs,  151 
Gulf  of  Maine,  153 
rates  and  directions  of,  154 
**    observations,  163 
"    streams,  151 

"         **        in  English  and  Irish  chan- 
nels, 169  to  171 
Tides,  diagram  to  explain  terms  of,  164 
*■'     tide-gauges,  166 
'•     table  for  velocity,  166 
"     of  Gulf  of  Mexico,  157 
*'     rise  and  fall,  flood  and  ebb,  &c.,  147 
'*     diurnal    ine^nalltYN    bAXl-xs^sacs^e^ci 
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Tides,  tide  and  half -tide,  qaarter-tide,&c., 
150 
*'     to  compute  time  of,  157 

proportion  of  rise  and  fall,  188 
in  New  York  Harbor  and  Long  Is- 
land Sound,  155 
*'     of  Pacific  coast.  156 
*'     and  tidal  currents,  151 

*♦  "  Atlantic,  151 

'^     diagram  of,  on  Atlantic  coast,  153 
Tide-pole,  instructions  for,  162 
"■    Bignalis  162 
"    table  for  U.  S.  coast,  158 
Timber,  to  impregnate  with  metallic  salts, 
3(J9 
"       to  preserve,  809 
*'       to  season,  308 
Time  and  arc,  conversion  of,  260 
*•    allowance  for  yachts,  876,  877 
**    azimuths,  75 
''    of  daybreak.  223 
'*    and  knot  table,  492,  493 
Time-glasses,  &c,,  88 

"    kinds  of,  &c.,  257.  258 

*•    of  high  water,  to  compute,  157 

'*    of  sunrise  or  sunset,  224 

'*    required  by  a  ship  to  cross  plane  of 

Are,  214 
"    sight,  for  long,  235 
Times  of  certain  phenomena.  225 
*'      conversion  of,  260  to  262 
"      to  convert,  259 
To  find  error  of  compass,  73 
Tonnage  of  8hip8,  520 
Tons  per  inch  immersion,  curve  of,  523 
*'         '•  *'  rule  for,  524 

Top-mast  carried  away,  414 

**         to  house,  423 
Top-sail,  balloon,  ior  yachts,  404 

"  "to  set,  405 

To  report  soundings.  94 
Tornadoe!*,  storms,  &c.,  131 
Tower,  height  of,  to  find,  218 
Towson's  tables,  latitude  by,  240 
Tracing-paper,  302 
Trade-winds,  limits,  &c.,  of.  131 
Travel  of  valves,  473 
Trenton,  slide-valves  of,  4T5 
Trial-trip  table,  492.  4^i 
Trimming  schooners'  sails,  4211 
Trochoid,  to  describe,  503 


Trochoidal  theory  of  waves,  502 
Trowbridge^B  sounding-machine,  95 
True  bearing,  sun's,  76 
Trunk-engines,  description  of,  487 
Try-sail,  jury,  for  yachts,  398 
Tubes,  packing  of,  in  condensers,  450 
Taming  of  ships,  remarks  on,  495 

"        trials  with   twin-screw   vessels, 
498 
Turtle  River,  Ga„  pilotage  rates  of.  83,  24 
Tybee  Bar,  G:i.,  rates  of  pilotage,  26 
Types  of  engines,  484 
Typhoons,  seasons  of,  &c.,  131 

'*        limits  of,  137 
Twilight,  rule  for  finding,  293 
Two  bearings  for  distance,  207 


UNDER  WAY.  to  get  yachts,  892 
United  States,  buoyage  of,  107 
United  States^  Life-saving  Service,  541 

regulations      for     inland 

waters,  40 
tides  and  tidal  currents, 
151 

"  *♦        tide-table  of,  158 

Units  of  measurement,  314 

*'      thermal,  437 
Urgent,  danger,  or  distress  signals,  47 

*'        signals,  46 
Useful  practical  recipes,  296 

"     rules  in  mensumtion,  538  to  540 
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VALLEJO,  Cal.,  pilotage  rates  of,  30 
Valves,  kinds  of,  in  use,  468 
I  Valves,  safety,  for  boilers,  468       * 
Variable  lights,  100 

Variation  and  deviation,  to  coirect  for,  83 
*'        of  compass,  72 
"        to  correct  for,  83 
Varieties  of  starts  in  racing,  416 
Varnishes,  to  make,  298 
Varnish,  black,  297 

"        black  Japan,  297 
"        for  glass,  298 
"        for  iron- work,  299 
for  metals,  299 
lacquer,  302 
vermilion,  298 
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Velocity  justifying  signal,.  62 
"       of  coast  cnn-eata,  X^X 
*^       of  equatorial  counteisciurrent,  177 
'*  '"         current,  1,7« 

"       of  Guinea  current,  175 
"       of  Gulf  Stream,  74 
'*       of  ocean  wav^s,  B03 
^*       of  sound  in  water  aod  solids,  206 
•*       of  tide,  160,  166 
'«       of  tidal  streams,  160 
*^       of  wind,  appareiit,  5r36 
*'       of  winds,  13T 
Veniifl  Point,  Ga.,  pilotage  rates,  26 
Vermilion,  to  mix,  293 
"         varnish,  298 
Vernal  equinox,  259 
Vertical  engines,  descriptl(»Qi  of,  484 
Vessel  at  anchor,  signals  to,  OH. 
^'     on  shore,  how  to  act,  3&4 
*^     to  determine  distance  of,  217 
**  '*•  distance  to  windward 

or  to  leeward,  217 
'*     under  wajr,  8igna!fi  to.  5^ 
Vineyard  Sound  currents,  151 

'■''       Haven,  Mass,  rates  of  pilotage; 
10 
Violet  color,  to  mix,  294 
Vit^nia,  pilot  laws  and  rates.  18 
Vocabulary  signals,  4Q^  ^ 


WALKER'S  soundlpg-macWne,  95 
Wallace's  Chanpel,  ^^  C,  pilotage 
rates  of,  21 
Wareham,  Mass.,  rate^of  pilotage,  10 
Warps,  tarun^  837 
Warrior,  turning  trials  of,  497 
"Warren,  R.  I.,  rates  of  pilotage,  11 
Warwick,  R.  I.,  rates  of  pilotage,  11 
Washington  Navy  Yard,  chain  cables  at, 

280 
Washington   Territory,    pilot  laws   and 

rates,  81 
Watchmaker's  oil,  to  make,  304 
Water,  amount  to  carry  on  boat,  311 
'*      depth  of,  116 
"       distUlation  of,  482 
*'       gauges,  kinds  of,  466 
"       none  in  boat,  .330 
"       to  purifj',  562 
*■'       sail,  description  of,  405 


Water-proofliBgforolo^.  &o.,  303 
canvas,  308 
boots,  303 
Waves  during  observations,  247 

dimensions  and  periods  of,  510 
4eep.  sea  and  sfaallow  water,  502 
**     observations  oi  lieights  and  v^oci- 
ties,247 
W^to,  sigpals  of,  56 
Wearing  schooners,  429 

"       yachts,  426 
Weather  in  Gulf  Stream,  115 
*'        i/iteUigence,  68, 62 
''       signals,  46 
*^       remarks  on,  lil9, 
"       signs  of,  119 
Weight  d  boats,  317 
Weights  and  volumesi  to  find,  689 
Weight  of  rope  i)er  fathom,  278 
Weights  of  anchors  and  kedgcs,  283 
West  Indies,  storms,  143 
Westport,  Mass^,  rates  of  pilotage,  10 
Whale-lines,  siz^s  and  strength  ot,  27^ 
Whips,  single,  270 
White  enamel,  302 
''     paint,  294 
'*      decks,  recipes  for,  401 
'^     ^ad,  zinc  &c.,  293 
"''      paint  for  between  decks,  294 
"      copal  varnish,  298 
"     di8tempei;<  color,  306 
Whitewash,  brilliant,  306 
'"  to  make,  306 

White  varnish,  208 

'*     squall,  data  conoeming,  186. 
Wickford,  R.  I.,  rates  of  pilotage,  11 
Wilmington,  N.  C,  rates  of  pilotage, 

"  Del.,  rates  of  pilotage,  16 

Wind,  apparent  direction  and  velocity  of, 
534 
*'     impulse  of,  536 
*♦     squalls,  136 
rhjTnes  for,  186 

hurricanes,  tjrphoons,  cyclone8,&c., 
187 
"     dimensions,  velocity,  and  seasons 

of,  137 
**     classes,  names  of,  &c.,  131 
*'     foreign  names  for,  131 
"     effect  of,  on  tiden,  148 
* '     Yaw  ot  fttOTTOSh.  \?«i 
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Wind  aft,  yacht^mfllnf^r,  398 
WindwartU  to  find  distance  of  ship  to,  217 
Wire  board,  sesfdon  of,  880 
foreoanding,  96 
cables,  281 

'■*     appliances  for  working,  281 
**      advantages  of,  281 
rigging,  to  splice,  276 

"        cutting  and  fitting,  276 
rope,  273 
Wood,  to  color,  300 

"     to  polish,  804 
Wood's  Hole,  Mass.,  rates  of  pilotage,  10 
Woodwork,  to  preserve,  808 
Wooden  and  composite  ships,  compasses 

of,  76 
Worthington  steam-pumps,  488 
Wreck,  to  board,  327 


YACHT  Club,  New  York,  878 
Yacht  Club  signals  (plate) 
Yacht  lead  linen.  93 

Yachts  and  yachting,  particulars  of  yachts, 

865  to  371 
**        "         '*        sailfi, ballast,  anchors, 

&c.,  368  to  373 
"        '•  "        r<-Tnark8  on,  368 

"        "         "        modem     types    and 

rigs,  363"to  365 
"      boats,  381 

•'  "      selection,   care    and  man- 

agement of,  381  to  387 
Yacht  cordage,  423 
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Yacht  cruising,  394 

**    measurement  for  tonnage,  531 

**    anchors  and  chains,  373 

*'    hints  on  handling,  401 

**    management  of,  in  heavy  weather, 

396 
**    racing,  407 

**         "       jury    sparf,    varieties    of 
starts,  Corinthian  races, 
Ac,  414  to  419 
preparations  for,  starting, 
fouls,  gybing,  trimming 
sails,    squalls,     shifdnK 
sails,  tacking  and  wear- 
ing, carrying  away  spars, 
&c.,  407  to  414 
Yachts,  rigging  and  sails,  388, 891 
"       sails,  373 
'*       relection  of,  879 
"       to  get  under  way,  893 
"       to  handle,  392 
**       to  lay  up,  421 
"       to  manoeuvre,  428 
"       to  refit,  422 

**       time  allowance  for,  376  to  377 
Yarmouth,  Me.,  rates  of  pilotage,  8 
Yam,  strength  of,  275 
Yawl,  to  manoeuvre,  428 

rig,  description  of,  423 
"    for  yachts,  423 
Year,  tropical,  sidereal,  &c.,  269 
Yellow  enamel,  802 

**      distemper  color,  306 
"     to  dye,  SOO 
Yorktown,  Va.,  rates  of  pilotage,  19,  20 
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